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(54) High speed sampling receiver with reduced output impedance 



(57) A sampling receiver includes : at least one 
slave latch circuit; and at least one master latch circuit 
which further includes : at least one differential input 
transistor pair, and at least one bistable circuit. Output 
terminals of the at least one differential input transistor 



pair and output terminals of the at least one bistable cir- 
cuit are coupled to the at least one slave latch circuit but 
in parallel to each other with reference to the at least 
one slave latch circuit for the purpose of reducing an 
output impedance to allow the sampling receiver to ex- 
hibit a high speed latch operation. 
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Description 

[0001 1 The present invention relates to a sampling re- 
ceiver, and more particularly to a high speed sampling 
receiver for sampling data with a small amplitude and 
latching the same to convert a voltage level of the 
latched data into an adjusted voltage level to a CMOS 
circuit. 

[0002] All of patents, patent applications, patent pub- 
lications, scientific articles and the like, which will here- 
inafter be cited or identified in the present application, 
will, hereby, be incorporated by references in their en- 
tirety in order to describe more fully the state of the art, 
to which the present invention pertains. 
[0003] Data which have been read out from semicon- 
ductor memory devices such as DRAM may have a rel- 
atively small amplitude, while data to be inputted into 
the CMOS circuit should have a relatively high ampli- 
tude or a high voltage level. A sampling receiver has 
been used for sampling the small amplitude data from 
the semiconductor memory device and latching the 
same to perform a voltage level conversion to a high 
voltage level adjusted to the CMOS circuit. In one typical 
example, the conventional sampling receiver includes a 
master latch circuit and a slave latch circuit. The master 
latch circuit further includes a differential input transistor 
pair for receiving an input of data with a small amplitude, 
and a latch circuit for latching an output from the differ- 
ential input transistor pair. The slave latch circuit latches 
an output from the master latch circuit and outputs a 
latch signal with an adjusted voltage level to the CMOS 
circuit. 

[0004] FIG. 1 is a circuit diagram illustrative of a circuit 
configuration of one typical conventional sampling re- 
ceiver. The sampling receiver has the following circuit 
configuration. A differential input transistor pair compris- 
es two n-channel MOS field effect transistors 41 and 42 
having respective gate electrodes which are connected 
to input terminals 31 and 32 respectively. The input ter- 
minal 31 receives an input of small amplitude data IN t- , 
while the input terminal 32 receives another input of 
small amplitude data IN — . Respective source elec- 
trodes of the n-channel MOS field effect transistors 41 
and 42 are commonly connected through a current sup- 
plying n-channel MOS field effect transistor 40 to a 
ground line 37. A gate electrode of the n-channel MOS 
field effect transistor 40 is connected to another input 
terminal 33 which receives an input of a clock signal 
CLK. Respective drain electrodes of the n-channel MOS 
field effect transistors 41 and 42 are connected to 
source electrodes of n-channel MOS field effect transis- 
tors 43 and 44, respectively. 

[0005] A first CMOS inverter comprises the n-channel 
MOS field effect transistor 43 and a p-channel MOS field 
effect transistor 45. A second CMOS inverter comprises 
the n-channel MOS field effect transistor 44 and a p- 
channel MOS field effect transistor 46. The first and sec- 
ond CMOS inverters are cross -connected to each other 



to form a bistable circuit. Namely, an input side of the 
first CMOS inverter is connected to an output side of the 
second CMOS inverter, while an output side of the first 
CMOS inverter is connected to an input side of the sec- 

s ond CMOS inverter. Further, source and drain elec- 
trodes of the p-channel MOS field effect transistor 45 
are respectively connected to source and drain elec- 
trodes of a p-channel MOS field effect transistor 47. 
Source and drain electrodes of the p-channel MOS field 

10 effect transistor 46 are respectively connected to source 
and drain electrodes of a p-channel MOS field effect 
transistor 48. Gate electrodes of the p-channei MOS 
field effect transistors 47 and 48 are commonly connect- 
ed to the input terminal 33 receiving the input of the clock 

15 signal "CLK". The p-channel MOS field effect transistors 
47 and 48 are provided for controlling operations of the 
bistable circuit. Namely, the signal latch operation of the 
bistable circuit is controlled by the clock signal "CLK". 
Respective source electrodes of the p-channel MOS 

20 field effect transistors 45, 46, 47 and 48 are commonly 
connected to a power voltage line 36. Further, an n- 
channel MOS field effect transistor 49 is connected be- 
tween the respective drain electrodes of the n-channel 
MOS field effect transistors 41 and 42. A gate electrode 

25 of the n-channel MOS field effect transistor 49 is con- 
nected to the power voltage line 36. 
[0006] The master latch circuit in the sampling receiv- 
er comprises the n-channel MOS field effect transistors 
40, 41 , 42, 43, 44 and 49 and the p-channel MOS field 

30 effect transistors 45, 46 : 47 and 48. The master latch 
circuit has two outputs (D, D*). The slave latch circuit in 
the sampling receiver further comprises a set-reset-flip- 
flop circuit 50 which has two input terminals "S" and "R" 
and two output terminals 34 "Q" and 35 "a*". The input 

35 terminal tt S" of the slave latch circuit receives the output 
"D" from the master latch circuit. The input terminal "R" 
of the slave latch circuit receives the output "D*" from 
the master latch circuit. 

[0007] The p-channel MOS field effect transistor 47 is 
^0 connected in parallel to the p-channel MOS field effect 
transistor 45, and the p-channel MOS field effect tran- 
sistor 48 is connected in parallel to the p-channel MOS 
field effect transistor 46. Upon release of the latch, the 
p-channel MOS field effect transistors 47 and 48 turn 
45 ON, whereby the two outputs (D, D*) of the master latch 
circuit become high level "IT. 

[0008] The gate electrode of the n-channel MOS field 
effect transistor 49 is connected to the power voltage 
line 36 for allowing the power voltage VDD always ap- 

50 plied to the gate electrode, so that the n-channel MOS 
field effect transistor 49 always remains in the ON-state, 
to provide a resistance between the respective source 
electrodes of the n-channel MOS field effect transistors 
43 and 44. After the master latch circuit releases the 

55 signals from the latch state, then the voltage levels of 
the respective source electrodes of the n-channel MOS 
field effect transistors 43 and 44 becomes equal to each 
other for preparation for a next latch operation upon re- 
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ceipt of a next input signal. 

[0009] FIG. 2 is a timing chart explaining operations 
of the conventional sampling receiver of FIG. 1 . When 
the clock signal "CLK" of the low level n L" is inputted into 
the input terminal 33, the n-channel MOS field effect 
transistor 40 turns OFF, while the p-channel MOS field 
effect transistors 47 and 48 turn ON. The differential in- 
put transistor pair receives no current supply from the 
ground line 37 through the OFF-state n-channel MOS 
field effect transistor 40, whereby the differential input 
transistor pair is placed into the inoperable state. Since 
the p-channel MOS field effect transistors 47 and 48 are 
placed in the ON-state, the two outputs (D, D*) of the 
master latch circuit are in the high level "H". Accordingly, 
the set-reset-flip-flop circuit 50 as the slave latch circuit 
shows no change of the outputs (Q, Q*). 
[0010] In the above-described state, if the clock signal 
"CLK" inputted into the input terminal 33 shows a level- 
transition from the low level "L" into the high level TP, 
then the n-channel MOS field effect transistor 40 turns 
ON, while the p-channel MOS field effect transistors 47 
and 48 turn OFF, whereby the differential input transistor 
pair and the bistable circuit of the master latch circuit 
are placed in the operable state, so that the master latch 
circuit shows the sampling operations for sampling the 
input signals. At this time, the small amplitude data (IN+) 
of the high level and the small amplitude data (IN — ) of 
the low level are respectively inputted into the two input 
terminals 31 and 32 of the differential input transistor 
pair whereby the n-channel MOS field effect transistor 
41 shows a current increase and a drain voltage drop, 
while the n-channel MOS field effect transistor 42 shows 
a current decrease and a drain voltage rise. 
[0011] The n-channel MOS field effect transistor 43 
connected in series to the n-channel MOS field effect 
transistor 41 shows a transition to the ON-state, while 
the n-channel MOS field effect transistor 44 connected 
in series to the n-channel MOS field effect transistor 42 
shows a transition to the OFF-state. The bistable circuit, 
which comprises the n-channel MOS field effect transis- 
tors 43 and 44 and the p-channel MOS field effect tran- 
sistors 45 and 46, shows a positive feed-back operation 
which causes that the n-channel MOS field effect tran- 
sistor 43 and the p-channel MOS field effect transistor 
46 turn ON, while the n-channel MOS field effect tran- 
sistor 44 and the p-channel MOS field effect transistor 
45 turn OFF. The output (D) of the master latch circuit 
remains in the high level "H", while the output (D*) of the 
master latch circuit becomes low level "L". This voltage 
fall of the output (D*) resets the set-reset-flip-flop circuit 
50. Accordingly, the output n Q" from the set-reset-flip- 
flop circuit 50 is latched at the low level "L", while the 
output "Q*" is latched at the high level "H". 
[001 2] Thereafter, when the transition into the low lev- 
el "L" of the clock signal "CLK" appears, then the n-chan- 
nel MOS field effect transistor 40 turns OFF, while the 
p-channel MOS field effect transistors 47 and 48 turn 
ON. The differential input transistor pair receives no cur- 



rent supply from the ground line 37 through the OFF- 
state n-channel MOS field effect transistor 40, whereby 
the differential input transistor pair is placed into the in- 
operable state. Since the p-channel MOS field effect 

5 transistors 47 and 48 are placed in the ON-state, the 
two outputs (D, D*) of the master latch circuit are placed 
in the high level "H". Accordingly, the set-reset-flip-flop 
circuit 50 as the slave latch circuit shows no change of 
the outputs (Q, Q*) or holds the latched low level "L" of 

10 the output "Q" and the latched high level "FT of the out- 
put "Q*". 

[0013] If the clock signal "CLK" inputted into the input 
terminal 33 shows the level-transition from the low level 
"L" into the high level "H", then the n-channel MOS field 

15 effect transistor 40 turns ON, while the p-channel MOS 
field effect transistors 47 and 48 turn OFF, whereby the 
differential input transistor pair and the bistable circuit 
of the master latch circuit are placed in the operable 
state, so that the master latch circuit shows the sampling 

20 operations for sampling the input signals. At this time, 
the small amplitude data (IN+) of the low level and the 
small amplitude data (IN — ) of the high level are respec- 
tively inputted into the two input terminals 31 and 32 of 
the differential input transistor pair whereby the n-chan- 

25 nel MOS field effect transistor 42 shows a current in- 
crease and a drain voltage drop, while the n-channel 
MOS field effect transistor 41 shows a current decrease 
and a drain voltage rise. 

[0014] The n-channel MOS field effect transistor 44 
30 connected in series to the n-channel MOS field effect 
transistor 43 shows a transition to the ON-state, while 
the n-channel MOS field effect transistor 43 connected 
in series to the n-channel MOS field effect transistor 41 
shows a transition to the OFF-state. The p-channel 
35 MOS field effect transistor 45 turns ON, while the n- 
channel MOS field effect transistor 46 turns OFF. The 
output (D*) of the master latch circuit remains in the high 
level "H", while the output (D) of the master latch circuit 
becomes low level "L". This voltage fall of the output (D) 
40 sets the set- reset-flip-flop circuit 50. Accordingly, the 
output "Q" from the set- reset-flip-flop circuit 50 is 
latched at the high level "H", while the output "Q*" is 
latched at the low level "L". 

[001 5] Thereafter, when the transition into the low lev- 
45 el "L" of the clock signal "CLK" appears, then the n-chan- 
nel MOS field effect transistor 40 turns OFF, while the 
p-channel MOS field effect transistors 47 and 48 turn 
ON. The differential input transistor pair and the bistable 
circuit are placed into the inoperable state. The two out- 
50 puts (D, D*) of the master latch circuit are placed in the 
high level "H". Accordingly, the set- reset -flip -flop circuit 
50 as the slave latch circuit shows no change of the out- 
puts (Q, Q*) or holds the latched low level "L" of the out- 
put "Q" and the latched high level "H" of the output "Q*". 
55 [0016] The present voltage levels of the small ampli- 
tude data (IN+, IN — ) are converted to the CMOS levels 
and latched at those levels even when the transition into 
the high level "H" of the clock signal "CLK" appears. 
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[0017] As described above, the conventional sam- 
pling receiver includes the master latch circuit and the 
slave latch circuit. The master latch circuit includes the 
bistable circuit. The bistable circuit comprises the two 
CMOS inverters, wherein one comprises the n-channel 
MOS field effect transistor 43 and the p-channel MOS 
field effect transistor 45, and another comprises the n- 
channel MOS field effect transistor 44 and the p-channel 
MOS field effect transistor 46. The two CMOS inverters 
are connected in series to the differential input transistor 
pair and the current supplying transistor. If the CMOS 
inverters are connected directly between the power volt- 
age line and the ground line, a significant transitional 
through-current appears in the data sampling process. 
The above series connection may, however, reduce the 
transitional through-current in the data sampling proc- 
ess, thereby reducing an unnecessary power consump- 
tion. 

[0018] In the above-described conventional circuit 
configuration, the n-channel MOS field effect transistor 
43 included in the CMOS inverter included in the master 
latch circuit is connected in series to the n-channel MOS 
field effect transistor 41 included in the differential input 
transistor pair. Also, the n-channel MOS field effect tran- 
sistor 44 included in the CMOS inverter included in the 
master latch circuit is connected in series to the n-chan- 
nel MOS field effect transistor 42 included in the differ- 
ential input transistor pair. The externally inputted small 
amplitude data (IN+, IN — ) are sampled upon the high 
level "H" of the clock signal "CLK'V and then level-con- 
verted to the CMOS level by the master latch circuit for 
supplying output signals (D and D w ) to the slave latch 
circuit 50. An output impedance of the output terminal 
34 or 35, on which the falling output signal (D or D*) 
appears, is given by the sum of source-drain impedanc- 
es of either a three-stage-series-connection of the n- 
channel MOS field effect transistors 40, 42 and 44 or 
another three-stage-series-connection of the n-channel 
MOS field effect transistors 40, 41 and 43. This means 
that the output impedance of the falling output signal (D 
or D*) is thus relatively large. 

[0019] The relatively large output impedance of the 
falling output signal (D or D*) causes a relatively large 
time constant of the falling output signal from the master 
latch circuit. The relatively large time constant of the fall- 
ing output signal makes the transistor driving ability 
small apparently. Namely, the relatively large time con- 
stant of the falling output signal increases a delay time 
in falling of the output signal from the master latch cir- 
cuit. The increase in the delay time of falling of the output 
signal from the master latch circuit causes an increase 
in delay time of latch-operation of the slave latch circuit 
which comprises the set-reset-flip-flop circuit 50. 
[0020] In the meantime, recently, the clock signal fre- 
quency for the sampling process is often high in accord- 
ance with the requirement for high speed signal 
processings. This makes ft necessary to improve the 
high speed performance in the signal latch operation of 



the sampling receiver circuit. 

[0021] In the above circumstances, the clock signal 
frequency is high, while the delay time of latch-operation 
of the slave latch circuit is large, for which reason, it is 

s possible, in case, that the delay time in falling of the out- 
put signal from the master latch circuit is so large that 
the clock signal has already been inverted, even the 
time-delayed latch operation of the slave latch circuit 
has not yet been completed. In this case, an erroneous 

10 latch output signal may appear because the normal 
latch operation is no longer ensured. 
[0022] In the above circumstances, the development 
of a novel high speed sampling receiver free from the 
above problems is desirable. 

15 [0023] Accordingly, it is an object of the present inven- 
tion to provide a novel high speed sampling receiver free 
from the above problems. 

[0024] It is a further object of the present invention to 
provide a novel high speed sampling receiver capable 
20 of reducing a delay time in falling an output signal from 
a master latch circuit. 

[0025] It is a still further object of the present invention 
to provide a novel high' speed sampling receiver exhib- 
iting a desired high speed latch operation with a reduced 
25 delay time. 

[0026] It is yet a further object of the present invention 
to provide a novel high speed sampling receiver with a 
reduced power consumption. 

[0027] It is still more object of the present invention to 
30 provide a novel high speed sampling receiver exhibiting 
a high speed latch operation and allowing an enlarged 
common mode level of input signals. 
[0028] It is another object of the present invention to 
provide a novel master latch circuit allowing a high 
35 speed sampling receiver to be free from the above prob- 
lems. 

[0029] It is further another object of the present inven- 
tion to provide a novel master latch circuit allowing a 
high speed sampling receiver to reduce a delay time in 

40 falling an output signal from a master latch circuit. 

[0030] It is still further another object of the present 
invention to provide a novel master latch circuit allowing 
a high speed sampling receiver to exhibit a desired high 
speed latch operation with a reduced delay time. 

45 [0031] It is yet further another object of the present 
invention to provide a novel master latch circuit allowing 
a high speed sampling receiverto have a reduced power 
consumption. 

[0032] It is still more another object of the present in- 
so vention to provide a novel master latch circuit allowing 
a high speed sampling receiverto exhibit a high speed 
latch operation and allowing an enlarged common mode 
level of input signals. 

[0033] The present invention provides a sampling re- 
55 ceiver including : at least one slave latch circuit ; and at 
least one master latch circuit for performing a voltage 
level conversion of input signals and supplying level- 
converted master latch signals to the at least one slave 
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latch circuit. The at least one master latch circuit further 
includes ;at least one differential input transistor pair for 
receiving an input of the input signals and for outputting 
differential output signals, and at least one bistable cir- 
cuit for receiving the differential output signals from the 
at least one differential input transistor pair and for per- 
forming a voltage level conversion of the differential out- 
put signals and for outputting level -converted master 
latch signals. Output terminals of the at least one differ- 
ential input transistor pair and output terminals of the at 
least one bistable circuit are coupled to the at least one 
slave latch circuit but in parallel to each other with ref- 
erence to the at least one slave latch circuit for the pur- 
pose of reducing an output impedance to allow the sam- 
pling receiver to exhibit a high speed latch operation. 
[0034] The above and other objects, features and ad- 
vantages of the present invention will be apparent from 
the following descriptions. 

[0035] Preferred embodiments according to the 
present invention will be described in detail with refer- 
ence to the accompanying drawings. 
[0036] FIG. 1 is a circuit diagram illustrative of a circuit 
configuration of one typical conventional sampling re- 
ceiver. 

[0037] FIG. 2 is a timing chart explaining operations 
of the conventional sampling receiver of FIG. 1 . 
[0038] FIG. 3 is a circuit diagram illustrative of a circuit 
configuration of one typical novel sampling receiver in 
a first embodiment in accordance with the present in- 
vention. 

[0039] FIG. 4 is a timing chart explaining operations 

of the novel sampling receiver of FIG. 3. 

[0040] FIG. 5 is a circuit diagram illustrative of a circuit 

configuration of one typical novel sampling receiver in 

a second embodiment in accordance with the present 

invention. 

[0041] FIG. 6A is a diagram illustrative of operable 
and inoperable states of the differential input n-channel 
transistor pair in relation to the common mode level of 
the input signals with reference to the threshold voltage 
of the n-channel MOS field effect transistors. 
[0042] FIG. 6B is a diagram illustrative of operable 
and inoperable states of the differential input n-channel 
and p-channel transistor pairs in relation to the common 
mode level of the input signals with reference to the 
threshold voltages of the n-channel and p-channel MOS 
field effect transistors. 

[0043] FIG. 7 is a circuit diagram illustrative of a circuit 
configuration of one typical novel sampling receiver in 
a third embodiment in accordance with the present in- 
vention. 

[0044] FIG. 8 is a circuit diagram illustrative of a circuit 
configuration of one typical novel sampling receiver in 
a fourth embodiment in accordance with the present in- 
vention. 

[0045] FIG. 9 is a timing chart explaining operations 

of the novel sampling receiver of FIG. 8. 

[0046] FIG. 1 0A is a diagram illustrative of inter-rela- 



tionship between latch-operability and latch-inoperabil- 
ity over common mode level of input signals shown by 
a master latch circuit which includes only a differential 
input n-channel transistor pair. 

5 [0047] FIG. 1 0B is a diagram illustrative of inter-rela- 
tionship between latch-operability and laLch-inoperabil- 
ity over common mode level of input signals shown by 
another master latch circuit which includes both a differ- 
ential input n-channel transistor pair and a differential 

io input p-channel transistor pair. 

[0048] FIG. 11 A is a diagram illustrative of variations 
in comsumption powers over common mode levels of 
the sampling receiver shown in FIG. 3 of the first em- 
bodiment in accordance with the present invention. 

15 [0049] FIG. 11 B is a diagram illustrative of variations 
in comsumption powers over common mode levels of 
the sampling receiver shown in FIG. 8 of the fourth em- 
bodiment in accordance with the present invention. 
[0050] A first primary aspect of the present invention 

20 is a sampling receiver including : at least one slave latch 
circuit ; and at least one master latch circuit for perform- 
ing a voltage level conversion of input signals and sup- 
plying level-converted master latch signals to the at 
least one slave latch circuit. The at least one master atch 

2S circuit further includes : at least one differential input 
transistor pair for receiving an input of the input signals 
and for outputting differential output signals, and at least 
one bistable circuit for receiving the differential output 
signals from the at least one differential input transistor 

30 pair and for performing a voltage level conversion of the 
differential output signals and for outputting level-con- 
verted master latch signals. Output terminals of the at 
least one differential input transistor pair and output ter- 
minals of the at least one bistable circuit are coupled to 

35 the at least one slave latch circuit but in parallel to each 
other with reference to the at least one slave latch circuit 
for the purpose of reducing an output impedance to al- 
low the sampling receiver to exhibit a high speed latch 
operation. 

40 [0051] In one typical embodiment/ the sampling re- 
ceiver may include a first master latch circuit which . fur- 
ther includes : a first differential input transistor pair 
comprising a first pair of first conductivity type channel 
field effect transistors ; and a singie bistable circuit com- 

^5 prising a pair of first and second CMOS inverters. Output 
terminals of the first differential input transistor pair, and 
output terminals of the first and second CMOS inverters 
are coupled to the at least one slave latch circuit but in 
parallel to each other with reference to the at least one 

50 slave, latch circuit for the purpose of reducing an output 
impedance to allow the sampling receiver to exhibit a 
high speed latch operation. 

[0052] In another typical embodiment, the sampling 
receiver may include a first master latch circuit which 
55 further includes : a first differential input transistor pair 
comprising a first pair of first conductivity type channel 
field effect transistors ; a second differential input tran- 
sistor pair comprising a second pair of second conduc- 
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tivity type channel field effect transistors ; and a single 
bistable circuit comprising a pair of first and second 
CMOS inverters. Output terminals of the first differential 
input transistor pair, output terminals of the second dif- 
ferential input transistor pair, and output terminals of the s 
first and second CMOS inverters are coupled to the at 
least one slave latch circuit but in parallel to each other 
with reference to the at least one slave latch circuit for 
the purpose of reducing an output impedance to allow 
the sampling receiver to exhibit a high speed latch op- 10 
eration. In this case, the first and second differential in- 
put transistor pairs may be controlled by first and second 
clock signals, respectively, and the first and second 
clock signals take different states which are inverted to 
each other. In this case, the first differential input tran- is 
sistor pair may receive a first current supply indirectly 
from a first current supplying line through a first current- 
supplying first conductivity type channel field effect tran- 
sistor which is controlled by the first clock signal, and 
the second differential input transistor pair may receive 20 
a second current supply indirectly from a second current 
supplying line through a second current-supplying sec- 
ond conductivity type channel field effect transistor 
which is controlled by the second clock signal. Alterna- 
tively, the first differential input transistor pair may re- 25 
ceive a first current supply indirectly from a first current 
supplying line through a first current-supplying first con- 
ductivity type channel field effect transistor which is con- 
trolled by the first clock signal, and the second differen- 
tial input transistor pair may receive a second current 20 
supply directly from a second current supplying line. 
[0053] In still another typical embodiment, the sam- 
pling receiver may include first and second master latch 
circuits coupled to the at least one slave latch circuit but 
in parallel to each other with reference to the at least 35 
one slave latch circuit. The first master latch circuit may 
further include : a first differential input transistor pair 
comprising a first pair of first conductivity type channel 
field effect transistors ; and a first bistable circuit com- 
prising a pair of first and second CMOS inverters. The 40 
second master latch circuit may further include : a sec- 
ond differential input transistor pair comprising a second 
pair of second conductivity type channel field effect 
transistors ; and a second bistable circuit comprising a 
pair of third and fourth CMOS inverters. Output termi- 45 
nals of the first and second differential input transistor 
pairs, and output terminals of the first, second, third and 
fourth CMOS inverters are coupled to the at least one 
slave latch circuit but in parallel to each other with ref- 
erence to the at least one slave latch circuit for the pur- so 
pose of reducing an output impedance to allow the sam- 
pling receiver to exhibit a high speed latch operation. In 
this case, the sampling receiver may further include : 
first and second cross-coupled inverters. The first cross- 
coupled inverter may further comprise a first pair of first 55 
and second inverters coupled between an output termi- 
nal of the first CMOS inverter of the first master latch 
circuit and an output terminal of the third CMOS inverter 



of the second master latch circuit. The second cross- 
coupled inverter may further comprise a second pair of 
third and fourth inverters coupled between an output ter- 
minal of the second CMOS inverter of the first master 
latch circuit and an output terminal of the fourth CMOS 
inverter of the second master latch circuit. In this case, 
the at least one slave latch circuit may comprise a dif- 
ferential type set/reset flip-flop circuit which further 
includes : the following four input terminals. The first in- 
put terminal is a set terminal coupled to the output ter- 
minal of the first CMOS inverter of the first master latch 
circuit. The second input terminal is a reset terminal cou- 
pled to the output terminal of the second CMOS inverter 
of the first master latch circuit. The third input terminal 
is an inversion set terminal coupled to the output termi- 
nal of the third CMOS inverter of the second master latch 
circuit. The fourth input terminal is an inversion reset ter- 
minal coupled to the output terminal of the fourth CMOS 
inverter of the second master latch circuit. In this case, 
also the first differential input transistor pair of the first 
master latch circuit may receive a first current supply 
indirectly from a first current supplying line through a first 
current-supplying first conductivity type channel field ef- 
fect transistor which is controlled by the first clock signal . 
The second differential input transistor pair of the sec- 
ond master latch circuit may also receive a second cur- 
rent supply indirectly from a second current supplying 
line through a second current-supplying second con- 
ductivity type channel field effect transistor which is con- 
trolled by the second clock signal. Further, the first and 
second differential input transistor pairs may be control- 
led by first and second clock signals, respectively, and 
the first and second clock signals take different states 
which are inverted to each other. At least one of the first 
and second master latch circuits is always placed in 
latch-operable state over any common mode levels of 
input signals. 

[0054] The following embodiments are typical exam- 
ples for practicing the foregoing aspects of the present 
invention. Although the subject matters of the present 
invention have been described in details, the following 
additional descriptions in one or more typical preferred 
embodiments or examples will be made with reference 
to the drawings for making it easy to understand the typ- 
ical modes for practicing the foregoing aspects of the 
present invention. 

FIRST EMBODIMENT: 

[0055] A first embodiment according to the present in- 
vention will be described in detail with reference to the 
drawings. FIG. 3 is a circuit diagram illustrative of a cir- 
cuit configuration of one typical novel sampling receiver 
in a first embodiment in accordance with the present in- 
vention. The sampling receiver has the following circuit 
configuration. 

[0056] The sampling receiver includes a master latch 
circuit and a slave latch circuit. The slave latch circuit 
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comprises a set-reset-flip-flop circuit 50 which has two 
input terminals "S" and "R" and two output terminals 4 
"Q" and 5 "CT". The input terminal "S" of the slave latch 
circuit receives the output "D" from the master latch cir- 
cuit. The input terminal "R" of the slave latch circuit re- 
ceives the output "D*" from the master latch circuit. 
[0057] The master latch circuit includes a differential 
input transistor pair and a bistable circuit. The bistable 
circuit comprises two CMOS inverters. The differential 
input transistor pair further comprises two n-channel 
MOS field effect transistors 1 3 and 1 4 having respective 
gate electrodes which are connected to input terminals 
1 and 2 respectively. The input terminal 1 receives an 
input of small amplitude data IN+, while the input termi- 
nal 2 receives another input of small amplitude data 
IN — . Respective source electrodes of the n-channel 
MOS field effect transistors 13 and 14 are commonly 
connected through a current supplying n-channel MOS 
field effect transistor 11 to a ground line 7. A gate elec- 
trode of the n-channel MOS field effect transistor 11 is 
connected to another input terminal 3 which receives an 
input of a clock signal CLK. In the sampling process, the 
h-channel MOS field effect transistor 11 turns ON to 
place the differential input transistor pair in an operable 
state. In the non-sampling state, the n-channel MOS 
field effect transistor 1 1 remains OFF to place the differ- 
ential input transistor pair in an inoperable state. A drain 
electrode of the n-channel MOS field effect transistor 1 3 
is connected to drain electrodes of p-channel and n- 
channel MOS field effect transistors 15 and 17 as well 
as connected to a drain electrode of a p-channel MOS 
field effect transistor 19. A drain electrode of the n-chan- 
nel MOS field effect transistor 14 is connected to drain 
electrodes of p-channel and n-channel MOS field effect 
transistors 16 and 18 as well as connected to a drain 
electrode of a p-channel MOS field effect transistor 20. 
[0058] As described above, the bistable circuit com- 
prises first and second CMOS inverters. The first CMOS 
inverter comprises the p-channel MOS field effect tran- 
sistor 15 and the n-channel MOS field effect transistor 
17. The second CMOS inverter comprises the p-chan- 
nel MOS field effect transistor 16 and the n-channel 
MOS field effect transistor 18. The first and second 
CMOS inverters are cross-connected to each other to 
form the bistable circuit. Namely, an input side of the first 
CMOS inverter is connected to an output side of the sec- 
ond CMOS inverter, while an output side of the first 
CMOS inverter is connected to an input side of the sec- 
ond CMOS inverter Source electrodes of the p-channel 
MOS field effect transistors 15 and 16 are connected to 
a power voltage line 6. Source electrodes of the n-chan- 
nel MOS field effect transistors 17 and 18 are commonly 
connected through an n-channel MOS field effect tran- 
sistor 12 to a ground line 7. A gate electrode of the n- 
channel MOS field effect transistor 12 is connected to 
the input terminal 3 for receiving the clock signal "CLK". 
The drain electrode of the p-channel MOS field effect 
transistor 19 is connected to the output side of the first 



CMOS inverter and also the drain electrode of the n- 
channel MOS field effect transistor 13 in the differential 
input transistor pair. A source electrode of the p-channel 
MOS field effect transistor 19 is connected to the power 

5 voltage line. The drain electrode of the p-channel MOS 
field effect transistor 20 is connected to the output side 
of the second CMOS inverter and also the drain elec- 
trode of the n-channel MOS field effect transistor 14 in 
the differential input transistor pair. A source electrode 

io of the p-channel MOS field effect transistor 20 is conne- 
cted to the power voltage line. 

[0059] The master latch circuit in the sampling receiv- 
er comprises the n-channel MOS field effect transistors 
11, 12, 13, 14, 17 and 18, and the p-channel MOS field 

15 effect transistors 15, 16 ; 19 and 20. The master latch 
circuit has two outputs (D, D*) from the first and second 
CMOS inverters, respectively. The master latch circuit 
includes the differential input transistor pair which com- 
prises the n-channel MOS field effect transistors 13 and 

20 14. The master latch circuit includes the bistable circuit 
which further includes a pair of the first and second 
CMOS inverters. The first CMOS inverter comprises the 
first pair of the p-channel and n-channel MOS field effect 
transistors 15 and 1 7. The second CMOS inverter com- 

25 prises the second pair of the p-channel and n-channel 
MOS field effect transistors 16 and 18. 
[0060] The p-channel MOS field effect transistors 15 
and 1 9 are connected in parallel to each other between 
the power voltage line and the drain electrode of the n- 

30 channel MOS field effect transistor 13. The gate elec- 
trode of the p-channel MOS field effect transistor 1 9 re- 
ceives the clock signal H CLK". Also, the p-channel MOS 
field effect transistors 16 and 20 are connected in par- 
allel to each other between the power voltage line and 

35 the drain electrode of the n-channel MOS field effect 
transistor 14. The gate electrode of the p-channel MOS 
field effect transistor 20 receives the clock signal "CLK". 
In the release from the latch-state of the master latch 
circuit, the p-channel MOS field effect transistors 1 9 and 
20 turn ON , so that both the outputs (D , D*) of the master 
latch circuit become the high level "H". In the latch-state 
of the master latch circuit, the n-channel MOS field effect 
transistor 12 turns ON, so as to supply a current to the 
bistable circuit and also to suppress any substantive 

45 through-current in the transitional process of the first 
and second CMOS inverters. 

[0061] FIG. 4 is a timing chart explaining operations 
of the novel sampling receiver of FIG. 3. When the clock 
signal "CLK" of the low level "L" is inputted into the input 

so terminal 3, the n-channei MOS field effect transistors 1 1 
and 12 turn OFF, while the p-channel MOS field effect 
transistors 1 9 and 20 turn ON. The differential input tran- 
sistor pair receives no current supply from the ground 
line 7 through the OFF-state n-channel MOS field effect 

55 transistor 11, whereby the differential input transistor 
pair is placed into the inoperable state. The bistable cir- 
cuit also receives no current supply from the ground line 
7 through the OFF-state n-channel MOS field effect 
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transistor 12, whereby the bistable circuit is placed into 
the inoperable state. Since the p-channel MOS field ef- 
fect transistors 1 9 and 20 are placed in the ON-state, 
the two outputs (D, D*) from the master latch circuit are 
in the high level "H". Accordingly, the set-reset-flip-flop 
circuit 50 as the slave latch circuit shows no change of 
the outputs (Q, Q*) appearing on the first and second 
output terminals 4 and 5. 

[0062] In the above-described state, if the clock signal 
"CLK" inputted into the input terminal 3 shows a level- 
transition from the low level "L" into the high level "H", 
then the n-channel MOS field effect transistors 11 and 
12 turn ON, while the p-channel MOS field effect tran- 
sistors 1 9 and 20 turn OFF, whereby the differential input 
transistor pair and the bistable circuit of the master latch 
circuit are placed in the operable state, so that the mas- 
ter latch circuit shows the sampling operations for sam- 
pling the input signals. At this time, the small amplitude 
data (IN+) of the high level and the small amplitude data 
(IN — ) of the low level are respectively inputted into the 
two input terminals 1 and 2 of the differential input tran- 
sistor pair, whereby the n-channel MOS field effect tran- 
sistor 13 shows a current increase and a drain voltage 
drop, while the n-channel MOS field effect transistor 14 
shows a current decrease and a drain voltage rise. 
[0063] The n-channel MOS field effect transistor 18 
with the gate electrode connected to the drain electrode 
of the n-channel MOS field effect transistor 13 shows a 
transition to the OFF-state, while the p-channel MOS 
field.effect transistor 1 6 with the gate electrode connect- 
ed to the drain electrode of the n-channel MOS field ef- 
fect transistor 13 shows another transition to the ON- 
state. The n-channel MOS field effect transistor 1 7 with 
the gate electrode connected to the drain electrode of 
the n-channel MOS field effect transistor 14 shows a 
transition to the ON-state, while the p-channel MOS field 
effect transistor 15 with the gate electrode connected to 
the drain electrode of the n-channel MOS field effect 
transistor 14 shows another transition to the OFF-state. 
The output (D) of the master latch circuit remains in the 
high level "H", while the output (D*) of the master latch 
circuit becomes low level "L". This voltage fall of the out- 
put (D*) resets the set- reset-flip-flop circuit 50. Accord- 
ingly, the output "Q" from the set-reset-flip-flpp circuit 50 
is latched at the low level "L", while the output "Q*" is 
latched at the high level "H". 

[0064] Thereafter, when the transition into the low lev- 
el "L" of the clock signal "CLK" appears, then the n-chan- 
nel MOS field effect transistors 11 and 12 turn OFF, while 
the p-channel MOS field effect transistors 1 9 and 20 turn 
ON. The differential input transistor pair receives no cur- 
rent supply from the ground line 7 through the OFF-state 
n-channel MOS field effect transistor 11, whereby the 
differential input transistor pair is placed into the inoper- 
able state. The bistable circuit also receives no current 
supply from the ground line 7 through the OFF-state n- 
channel MOS field effect transistor 1 2, whereby the bist- 
able circuit is placed into the inoperable state. Since the 



p-channel MOS field effect transistors 19 and 20 are 
placed in the ON-state, the two outputs (D, D*) of the 
master latch circuit are placed in the high level "H". Ac- 
cordingly, the set-reset-flip-flop circuit 50 as the slave 
5 latch circuit shows no change of the outputs (Q, Q*) or 
holds the latched low level U L" of the output "Q" and the 
latched high level "H" of the output "Q*". 
[0065] If the clock signal "CLK" inputted into the input 
terminal 33 shows the level-transition from the low level 

to "L" into the high level "H" } then the n-channel MOS field 
effect transistors 11 and 1 2 turn ON, while the p-channel 
MOS field effect transistors 1 9 and 20 turn OFF, where- 
by the differential input transistor pair and the bistable 
circuit of the master latch circuit are placed in the oper- 
as able state, so that the master latch circuit shows the 
sampling operations for sampling the input signals. At 
this time, the small amplitude data (IN+) of the low level 
and the small amplitude data (IN — ) of the high level are 
respectively inputted into the two input terminals 1 and 

zo 2 of the differential input transistor pair, whereby the n- 
channel MOS field effect transistor 14 shows a current 
increase and a drain voltage drop, while the n-channel 
MOS field effect transistor 1 3 shows a current decrease 
and a drain voltage rise. 

25 [0066] The n-channel MOS field effect transistor 18 
with the gate electrode connected to the drain electrode 
of the n-channel MOS field effect transistor 1 3 shows a 
transition to the ON-state, while the p-channel MOS field 
effect transistor 1 6 with the gate electrode connected to 

30 the drain electrode of the n-channel MOS field effect 
transistor 1 3 shows another transition to the OFF-state. 
The n-chahnel MOS field effect transistor 17 with the 
gate electrode connected to the drain electrode of the 
n-channel MOS field effect transistor 14 shows a tran- 

35 sition to the OFF-state, while the p-channel MOS field 
effect transistor 1 5 with the gate electrode connected to 
the drain electrode of the n-channel MOS field effect 
transistor 14 shows another transition to the ON-state. 
The output (D) of the master latch circuit becomes low 

^0 level "L", while the output (D*) of the master latch circuit 
remains in the high level "H". This voltage fall of the out- 
put (D) sets the set-reset-flip-flop circuit 50. Accordingly, 
the output "Q" from the set-reset-flip-flop circuit 50 is 
latched at the high level "H", while the output "Q*" is 

^5 latched at the low level "L" . 

[0067] Thereafter, when the transition into the low lev- 
el "L" of the clock signal "CLK" appears, then the n-chan- 
nel MOS field effect transistors 11 and 12 turn OFF, while 
the p-channel MOS field effect transistors 1 9 and 20 turn 

so ON. The differential input transistor pair and the bistable 
circuit are placed into the inoperable state. The two out- 
puts (D, D*) of the master latch circuit are placed in the 
high level "H". Accordingly, the set-reset-flip-flop circuit 
50 as the slave latch circuit shows no change of the out- 

55 puts (Q, Q*) or holds the latched high level "H" of the 
output "Q" and the latched low level "L" of the output 
"Q*". 

[0068] The present voltage levels of the small ampli- 
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tude data (IN+, IN — ) are converted to the CMOS levels 
and latched at those levels even when the transition into 
the high level "H" of the clock signal "CLK" appears. 
[0069] As described above, the drain electrode of the 
n-channel MOS field effect transistor 13 included in the 
differential input transistor pair is connected lo the first 
output (D) of the master latch circuit. The drain electrode 
of the n-channel MOS field effect transistor 17 included 
in the bistable circuit is also connected to the first output 
(D) of the master latch circuit. Namely, the respective 
drain electrodes of the n-channel MOS field effect tran- 
sistors 13 and 17 are in parallel to each other with ref- 
erence to the first output (D) of the master latch circuit. 
Similarly, the drain electrode of the n-channel MOS field 
effect transistor 1 4 included in the differential input tran- 
sistor pair is connected to the second output (D*) of the 
master latch circuit. The drain electrode of the n-channel 
MOS field effect transistor 18 included in the bistable 
circuit is also connected to the second output (D*) of the 
master latch circuit. Namely, the respective drain elec- 
trodes of the n-channel MOS field effect transistors 14 
and 1 8 are in parallel to each other with reference to the 
second output (D*) of the master latch circuit. 
[0070] The externally inputted small amplitude data 
(IN+, IN — ) are sampled upon the high level "H" of the 
clock signal "CLK", and then level-converted to the 
CMOS level by the master latch circuit for supplying out- 
put signals (D and D*) to the slave latch circuit 50. An 
output impedance of the output terminal of the master 
latch circuit, on which the falling output signal (D or D*) 
appears, is given by the sum of source-drain impedanc- 
es of either a two-stage-series-connection of the n- 
channel MOS field effect transistors 1 1 and 13 or anoth- 
er two-stage-series-conncction of the n-channel MOS 
field effect transistors 11 and 14. This means that the 
output impedance of the falling output signal (D or D*) 
is thus smaller than the output impedance given by the 
three-stage-series-connection of the above-described 
conventional sampling receiver shown in FIG. 1 . 
[0071] The relatively small output impedance of the 
falling output signal (D or D*) causes a relatively small 
time constant of the falling output signal from the master 
latch circuit. The relatively small time constant of the fall- 
ing output signal makes the transistor driving ability 
large apparently. Namely, the relatively small time con- 
stant of the falling output signal reduces a delay time in 
falling of the output signal from the master latch circuit. 
The reduction in the delay time of falling of the output 
signal from the master latch circuit causes a reduction 
in delay time of latch -operation of the slave latch circuit 
which comprises the set-reset-flip-flop circuit 50. 
[0072] According to the above novel circuit configura- 
tion of the first embodiment of the present invention, the 
output side of the bistable circuit is connected in parallel 
to the output side of the differential input transistor pair. 
This circuit configuration reduces the number of the se- 
ries-connected-stages of the transistors to reduce the 
output impedance, thereby reducing the delay time in 
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falling the output signal from the master latch circuit. 
This allows the sampling receiver to exhibit a desired 
high speed latch operation. 

[0073] The above novel circuit configuration has a first 

5 series connection of the n-channel MOS field effect tran- 
sistor 12 and either the n-channel MOS field effect tran- 
sistor 17 or 18 included in the bistable circuit between 
the ground line 7 and the drain electrode of the p-chan- 
nel MOS field effect transistor 1 9 or 20. The above novel 

10 circuit configuration has a second series connection of 
the n-channel MOS field effect transistor 11 and either 
the n-channel MOS field effect transistor 1 3 or 1 4 includ- 
ed in the differential input transistor pair. The first and 
second series connections are in parallel to each other, 

15 for which reason the output impedance is further re- 
duced, thereby further reducing the delay time in falling 
the output signal from the master latch circuit. This fur- 
ther improves the high speed performance in the latch 
operation of the sampling receiver. 

20 [0074] In the above circumstances, even if the clock 
signal frequency is high, while the delay time of latch- 
operation oftheslave latch circuit is small, forwhich rea- 
son , it is possible, any cases, that the delay time in falling 
of the output signal from the master latch circuit is so 

25 small as to ensure that the clock signal is inverted but 
after the time-delayed latch operation of the slave latch 
circuit has been completed. In any cases, the sampling 
receiver is free of any undesired malfunction. 
[0075] In addition, the current-supplying n-channel 

30 MOS field effect transistors 11 and 12 turn ON in the 
latch-operation so as to suppress the transitional 
through-current to the CMOS inverters forming the bist- 
able circuit. This circuit configuration reduces the power 
consumption of the sampling receiver. 

35 

SECOND EMBODIMENT : 

[0076] A second embodiment according to the 
present invention will be described in detail with refer- 

40 ence to the drawings. FIG. 5 is a circuit diagram illustra- 
tive of a circuit configuration of one typical novel sam- 
pling receiver in a second embodiment in accordance 
with the present invention. The sampling receiver of this 
second embodiment has the following circuit configura- 

45 tion which is different from the first embodiment in in- 
cluding both a first differential input transistor pair of two 
n-channel MOS field effect transistors 13 and 14 and a 
second differential input transistor pair of two p-channel 
MOS field effect transistors 23 and 24. 

50 [0077] The sampling receiver includes a master latch 
circuit and a slave latch circuit. The slave latch circuit 
comprises a set- reset-flip-flop circuit 50 which has two 
input terminals "S" and "R" and two output terminals 4 
"Q" and 5 "Q* n . The input terminal "S" of the slave latch 

55 circuit receives the output 11 D" from the master latch cir- 
cuit. The input terminal "R" of the slave latch circuit re- 
ceives the output "D* B from the master latch circuit. 
[0078] The master latch circuit includes the first and 
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second differential input transistor pairs and a bistable 
circuit. The bistable circuit comprises two CMOS invert- 
ers. 

[0079] The first differential input transistor pair further 
comprises two n-channel MOS field effect transistors 1 3 5 
and 1 4 having respective gate electrodes which are con- 
nected to input terminals 1 and 2 respectively. The input 
terminal 1 receives an input of small amplitude data IN+, 
while the input terminal 2 receives another input of small 
amplitude data IN — . Respective source electrodes of 10 
the n-channel MOS field effect transistors 1 3 and 1 4 are 
commonly connected through a current supplying n- 
channel MOS field effect transistor 11 to a ground line 
7. A gate electrode of the n-channel MOS field effect 
transistor 11 is connected through a series connection 15 
of two inverters 26 and 27 to another input terminal 3 
which receives an input of a clock signal CLK for receiv- 
ing the clock signal CLK In the sampling process, the n- 
channel MOS field effect transistor 1 1 turns ON to place 
the first and second differential input transistor pairs in 20 
an operable state. In the non-sampling state, the n- 
channel MOS field effect transistor 11 remains OFF to 
place the first and second differential input transistor 
pairs in an inoperable state. A drain electrode of the n- 
channel MOS field effect transistor 13 is connected to 25 
drain electrodes of p-channel and n-channel MOS field 
effect transistors 1 5 and 1 7 as well as connected to drain 
electrodes of p-channel MOS field effect transistors 19 
and 23. A drain electrode of the n-channel MOS field 
effect transistor 14 is connected to drain electrodes of 30 
p-channel and n-channel MOS field effect transistors 1 6 
and 1 8 as well as connected to drain electrodes of p- 
channel MOS field effect transistors 20 and 24. 
[0080] The second differential input transistor pair fur- 
ther comprises two p-channel MOS field effect transis- 35 
tors 23 and 24 having respective gate electrodes which 
are connected to the input terminals 1 and 2 respective- 
ly. Respective source electrodes of the p-channel MOS 
field effect transistors 23 and 24 are commonly connect- 
ed through a current supplying p-channel MOS field ef- *o 
feet transistor 25 to a power voltage line 6. A gate elec- 
trode of the p-channel MOS field effect transistor 25 is 
connected through the inverter 26 only to the input ter- 
minal 3 which receives the input of the clock signal CLK 
for receiving the inverted clock signal /CLK. In the sam- 45 
pling process, the p-channel MOS field effect transistor 
25 turns ON to place the first and second differential in- 
put transistor pairs in an operable state. In the non-sam- 
pling state, the n-channel MOS field effect transistor 11 
remains OFF to place the first and second differential so 
input transistor pairs in an inoperable state. A drain elec- 
trode of the p-channel MOS field effect transistor 23 is 
connected to the drain electrodes of p-channel and n- 
channel MOS field effect transistors 15 and 17 as well 
as connected to the drain electrodes of the n-channel 55 
and p-channel MOS field effect transistors 13 and 19. A 
drain electrode of the p-channel MOS field effect tran- 
sistor 24 is connected to the drain electrodes of the p- 
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channel and n-channel MOS field effect transistors 16 
and 18 as well as connected to the drain electrodes of 
the n-channel and p-channel MOS field effect transis- 
tors 14 and 20. 

[0081] As described above, the bistable circuit com- 
prises first and second CMOS inverters. The first CMOS 
inverter comprises the p-channel MOS field effect tran- 
sistor 15 and the n-channel MOS field effect transistor 
17. The second CMOS inverter comprises the p-chan- 
nel MOS field effect transistor 16 and the n-channel 
MOS field effect transistor 18. The first and second 
CMOS inverters are cross-connected to each other to 
form the bistable circuit. Namely, an input side of the first 
CMOS inverter is connectedto an outputsideof the sec- 
ond CMOS inverter, while an output side of the first 
CMOS inverter is connected to an input side of the sec- 
ond CMOS inverter. Source electrodes of the p-channel 
MOS field effect transistors 1 5 and 1 6 are connected to 
the power voltage line 6. A source electrode of the n- 
channel MOS field effect transistor 17 is connected 
through an n-channel MOS field effect transistor 21 to 
the ground line 7. A source electrode of the n-channel 
MOS field effect transistor 18 is connected through an 
n-channel MOS field effect transistor 22 to the ground 
line 7. Gate electrodes of the n-channel MOS field effect 
transistors 21 and 22 are commonly connected through 
the series connection of the two inverters 26 and 27 to 
the input terminal 3 for receiving the clock signal "CLK". 
The drain electrode of the p-channel MOS field effect 
transistor 19 is connected to the output side of the first 
CMOS inverter and also the drain electrodes of the n- 
channel and p-channel MOS field effect transistors 13 
and 23 respectively included In the first and second dif- 
ferential input transistor pairs. A source electrode of the 
p-channel MOS field effect transistor 1 9 is connected to 
the power voltage line 6. The drain electrode of the p- 
channel MOS field effect transistor 20 is connected to 
the output side of the second CMOS inverter and also 
the drain electrodes of the n-channel and p-channel 
MOS field effect transistors 14 and 24 respectively in- 
cluded in the first and second differential input transistor 
pairs. A source electrode of the p-channel MOS field ef- 
fect transistor 20 is connected to the power voltage line. 
[0082] The master latch circuit in the sampling receiv- 
er comprises the n-channel MOS field effect transistors 
11, 13, 14, 17, 18, 21 and 22, and the p-channel MOS 
field effect transistors 1 5, 1 6, 1 9, 20, 23, 24 and 25. The 
master latch circuit has two outputs (D, D*) from the first 
and second CMOS inverters, respectively. The master 
latch circuit includes the first differential input transistor 
pair which comprises the n-channel MOS field effect 
transistors 13 and 14 and also the second differential 
input transistor pair which comprises the p-channel 
MOS field effect transistors 23 and 24. The master latch 
circuit includes the bistable circuit which further includes 
a pair of the first and second CMOS inverters. The first 
CMOS inverter comprises the first pair of the p-channel 
and n-channel MOS field effect transistors 15 and 17. 



EP 1 289 146 A2 



10 



19 EP1289 

The second CMOS inverter comprises the second pair 
of the p-channel and n-channel MOS field effect transis- 
tors 16 and 18. 

[0083] The p-channel MOS field effect transistors 15 
and 1 9 are connected in parallel to each other between s 
the power voltage line 6 and the drain electrodes of the 
n-channel and p-channel MOS field effect transistors 1 3 
and 23. The gate electrode of the p-channel MOS field 
effect transistor 19 receives the clock signal "CLK". Al- 
so, the p-channel MOS field effect transistors 1 6 and 20 to 
are connected in parallel to each other between the 
power voltage line and the drain electrodes of the n- 
channel and p-channel MOS field effect transistors 14 
and 24, The gate electrode of the p-channel MOS field 
effect transistor 20 receives the clock signal "CLK". In 15 
the release from the latch-state of the master latch cir- 
cuit, the p-channel MOS field effect transistors 19 and 
20 turn ON, so that both the outputs (D, D*) of the master 
latch circuit become the high level "IT. In the latch-state 
of the master latch circuit, the n-channel MOS field effect 20 
transistors 21 and 22 turn ON, so as to supply a current 
to the bistable circuit and also to suppress any substan- 
tive through-current in the transitional process of the first 
and second CMOS inverters. 

[0084] The first and second differential input transistor 25 
pairs are connected in parallel to each other with refer- 
ence to the output side of the master latch circuit. 
[0085] In the above-described circuit configuration, 
the three current-supplying n-channel MOS field effect 
transistors 11,21 and 22 and the single current-supply- 30 
ing p-channel MOS field effect transistor 25 are provid- 
ed. It is, however, possible as a modification that in place 
of the two current-supplying n-channel MOS field effect 
transistors 21 and 22, a single current-supplying n- 
channel MOS field effect transistor may be provided. 35 
[0086] The signal latch operation of the sampling re- 
ceiver shown in FIG. 5 in accordance with this second 
embodiment is the same as of the sampling receiver in 
the first embodiment and as shown in FIG. 4. The dupli- 
cate detailed descriptions will be omitted. 40 
[0087] The reason why not only the first differential in- 
put transistor pair but also the second differential input 
transistor pair are provided in this second embodiment 
would be as follows. 

[0088] As described above, the differential input n- 45 
channel transistor pair is designed to detect the differ- 
ence in voltage between the input signals (IN+, IN — ) 
which are applied to the gate electrodes of the n-channel 
MOS field effect transistors 1 3 and 1 4 respectively, how- 
ever, provided that the voltage levels of the input signals so 
(IN+, IN — ) are higher than the threshold voltage of the 
n-channel MOS field effect transistors 13 and 14, and 
both the n-channel MOS field effect transistors 13 and 
14 turn ON. If, however, the voltage levels of the input 
signals (IN+, IN — ) are lower than the threshold voltage 55 
of the n-channel MOS field effect transistors 13 and 14, 
then the n-channel MOS field effect transistors 13 and 
14 turn OFF, whereby the differential input n-channel 
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transistor pair exhibits no detection operation, resulting 
in no operation as the sampling circuit. 
[0089] FIG. 6A is a diagram illustrative of operable 
and inoperable states of the differential input n-channel 
transistor pair in relation to the common mode level of 
the input signals with reference to the threshold voltage 
of the n-channel MOS field effect transistors. FIG. 6B is 
a diagram illustrative of operable and inoperable states 
of the differential input n-channel and p-channel transis- 
tor pairs in relation to the common mode level of the in- 
put signals with reference to the threshold voltages of 
the n-channel and p-channel MOS field effect transis- 
tors. 

[0090] For example, as shown in FIG. 6A, if a common 
mode level ,, Vcm2 , ' of the input signal or input data is 
higher than a threshold voltage "VT\ then the differen- 
tial input n-channel transistor pair is placed in the oper- 
able state to detect the voltage difference between the 
input signals or the input data (IN+, IN — ). If a common 
mode level n Vcm1" of the input signal or input data is 
lower than the threshold voltage "VP, then the differen- 
tial input n-channel transistor pair is placed in the inop- 
erable state, whereby no signal is outputted from the dif- 
ferential input n-channel transistor pair. 
[0091 ] In accordance with the present invention, how- 
ever, not only the differential input n-channel transistor 
pair but also the differential input p-channel transistor 
pair are provided, so that as shown in FIG. 6B, if the 
common mode level "Vcm" of the input signals or input 
data is lower than a threshold voltage "VTV of the n- 
channel MOS field effect transistor, then the differential 
input p-channel transistor pair is placed in the operable 
state to detect the voltage difference between the input 
signals or the input data (IN+, IN — ), even the differential 
input n-channel transistor pair is placed in the inopera- 
ble state. If the common mode level "Vcm" of the input 
signals or input data is higher than the threshold voltage 
"VTI" of the n-channel MOS field effect transistor and 
lower than a threshold voltage "VT2" of the p-channel 
MOS field effect transistor, then both the differential in- 
put n-channel and p-channel transistor pairs are placed 
in the operable state to detect the voltage difference be- 
tween the input signals or the input data (IN+, IN — ). If 
the common mode level "Vcm" of the input signals or 
input data is higher than the threshold voltage "VT2" of 
the p-channel MOS field effect transistor, then the dif- 
ferential input n-channel transistor pair is placed in the 
operable state to detect the voltage difference between 
the input signals or the input data (IN+, IN — ), even the 
differential input p-channel transistor pair is placed in the 
inoperable state. Namely, in any common mode levels, 
at least one of the differential input n-channel and p- 
channel transistor pairs is placed in the operable state 
to detect the voltage difference between the input sig- 
nals or the input data (IN+, IN — ). 
[0092] Also, the above novel circuit configuration of 
the second embodiment of the present invention has the 
same effects as in the first embodiment. Namely, the 



11 



21 



EP1 289 146 A2 



22 



output side of the bistable circuit is connected in parallel 
to the output side of the differential input transistor pair. 
This circuit configuration reduces the number of the se- 
ries-connected-stages of the transistors to reduce the 
output impedance, thereby reducing the delay time in 5 
falling the output signal from the master latch circuit. 
This allows the sampling receiver to exhibit a desired 
high speed latch operation. 

[0093] In the above circumstances, even if the clock 
signal frequency is high, while the delay time of latch- 10 
operation of the slave latch circuit is small, for which rea- 
son, it is possible, any cases, thatthe delay time in falling 
of the output signal from the master latch circuit is so 
small as to ensure that the clock signal is inverted but 
after the time-delayed latch operation of the slave latch 15 
circuit has been completed, in any cases, the sampling 
receiver is free of any undesired malfunction. 

THIRD EMBODIMENT: 

20 

[0094] A third embodiment according to the present 
invention will be described in detail with reference to the 
drawings. FIG. 7 is a circuit diagram illustrative of a cir- 
cuit configuration of one typical novel sampling receiver 
in a third embodiment in accordance with the present 25 
invention. The sampling receiver of this third embodi- 
ment has the following circuit configuration which is dif- 
ferent from the second embodiment in the absence of 
the current-supplying p-channel MOS field effect tran- 
sistor 25 and the series connection of the two inverters 30 
26 and 27. 

[0095] The saniplihg receiver includes a master latch 
circuit and a slave latch circuit. The slave latch circuit 
comprises a set-reset-flip-flop circuit 50 which has two 
input terminals "S" and "FT and two output terminals 4 35 
"Q" and 5 "Q*". The input terminal "S" of the slave latch 
circuit receives the output "D" from the master latch cir- 
cuit. The input terminal "R" of the slave latch circuit re- 
ceives the output "D*" from the master latch circuit. 
[0096] The master fatch circuit includes the first and 40 
second differential input transistor pairs and a bistable 
circuit. The bistable circuit comprises two CMOS invert- 
ers. 

[0097] The first differential input transistor pair further 
comprises two n-channel MOS field effect transistors 1 3 45 
and 1 4 having respective gate electrodes which are con- 
nected to input terminals 1 and 2 respectively. The input 
terminal 1 receives an input of small amplitude data IN+, 
while the input terminal 2 receives another input of small 
amplitude data IN — . Respective source electrodes of so 
the n-channel MOS field effect transistors 13 and 14 are 
commonly connected through a current supplying n- 
channel MOS field effect transistor 11 to a ground line 
7. A gate electrode of the n-channel MOS field effect 
transistor 11 is connected to another input terminal 3 ss 
which receives an input of a clock signal CLK for receiv- 
ing the clock signal CLK. In the sampling process, the 
n-channel MOS field effect transistor 11 turns ON to 



place the first and second differential input transistor 
pairs in an operable state. In the non-sampling state, the 
n-channel MOS field effect transistor 1 1 remains OFF 
to place the first and second differential input transistor 
pairs in an inoperable state. A drain electrode of the n- 
channel MOS field effect transistor 13 is connected to 
drain electrodes of p-channel and n-channel MOS field 
effect transistors 15 and 17 as well as connected to drain 
electrodes of p-channel MOS field effect transistors 19 
and 23. A drain electrode of the n-channel MOS field 
effect transistor 14 is connected to drain electrodes of 
p-channel and n-channel MOS field effect transistors 1 6 
and 18 as well as connected to drain electrodes of p- 
channel MOS field effect transistors 20 and 24. 
[0098] The second differential input transistor pair fur- 
ther comprises two p-channel MOS field effect transis- 
tors 23 and 24 having respective gate electrodes which 
are connected to the input terminals 1 and 2 respective- 
ly. Respective source electrodes of the p-channel MOS 
field effect transistors 23 and 24 are commonly connect- 
ed to a power voltage line 6. In the non-sampling state, 
the n-channel MOS field effect transistor 11 remains 
OFF to place the first and second differential input tran- 
sistor pairs in an inoperable state. A drain electrode of 
the p-channel MOS field effect transistor 23 is connect- 
ed to the drain electrodes of p-channel and n-channel 
MOS field effect transistors 15 and 17 as well as con- 
nected to the drain electrodes of the n-channel and p- 
channel MOS field effect transistors 13 and 19. A drain 
electrode of the p-channel MOS field effect transistor 24 
is connected to the drain electrodes of the p-channel 
and n-channel MOS field effect transistors 16 and 1 8 as 
well as connected to the drain electrodes of the n-chan- 
nel and p-channel MOS field effect transistors 14 and 
20. 

[0099] As described above, the bistable circuit com- 
prises first and second CMOS inverters. The first CMOS 
inverter comprises the p-channel MOS field effect tran- 
sistor 15 and the n-channel MOS field effect transistor 
17. The second CMOS inverter comprises the p-chan- 
nel MOS field effect transistor 16 and the n-channel 
MOS field effect transistor 18. The first and second 
CMOS inverters are cross-connected to each other to 
form the bistable circuit. Namely an input side of the first 
CMOS inverter is connected to an output side of the sec- 
ond CMOS inverter, while an output side of the first 
CMOS inverter is connected to an input side of the sec- 
ond CMOS inverter. 

[0100] Source electrodes of the p-channel MOS field 
effect transistors 15 and 1 6 are connected to the power 
voltage line 6. A source electrode of the n-channel MOS 
field effect transistor 1 7 is connected through an n-chan- 
nel MOS field effect transistor 21 to the ground line 7. A 
source electrode of the n-channel MOS field effect tran- 
sistor 18 is connected through an n-channel MOS field 
effect transistor 22 to the ground line 7. Gate electrodes 
of the n-channel MOS field effect transistors 21 and 22 
are commonly connected to the input terminal 3 for re- 
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ceiving the clock signal "CLK". The drain electrode of 
the p-channel MOS field effect transistor 1 9 is connect- 
ed to the output side of the first CMOS inverter and also 
the drain electrodes of the n-channei and p-channel 
MOS field effect transistors 13 and 23 respectively in- 5 
eluded in the first and second differential input transistor 
pairs. A source electrode of the p-channel MOS field ef- 
fect transistor 1 9 is connected to the power voltage line 
6. The drain electrode of the p-channel MOS field effect 
transistor 20 is connected to the output side of the sec- 10 
ond CMOS inverter and also the drain electrodes of the 
n-channel and p-channel MOS field effect transistors 1 4 
and 24 respectively included in the first and second dif- 
ferential input transistor pairs. A source electrode of the 
p-channel MOS field effect transistor 20 is connected to 15 
the power voltage line. 

[01 01 ] The master latch circuit in the sampling receiv- 
er comprises the n-channel MOS field effect transistors 
1 1 , 1 3, 1 4. 1 7, 1 8, 21 and 22, and the p-channel MOS 
field effect transistors 15, 16, 19, 20, 23 and 24. The 20 
master latch circuit has two outputs (D, D*) from the first 
and second CMOS inverters., respectively. The master 
latch circuit includes the first differential input transistor 
pair which comprises the n-channel MOS field effect 
transistors 13 and 14 and also the second differential 25 
input transistor pair which comprises the p-channel 
MOS field effect transistors 23 and 24. The master latch 
circuit includes the bistable circuit which further includes 
a pair of the first and second CMOS inverters. The first 
CMOS inverter comprises the first pair of the p-channel 30 
and n-channel MOS field effect transistors 15 and 17. 
The second CMOS inverter comprises the second pair 
of the p-channel and n-channel MOS field effect transis- 
tors 16 and 18. 

[0102] The p-channel MOS field effect transistors 15 35 
and 1 9 are connected in parallel to each other between 
the power voltage line 6 and the drain electrodes of the 
n-channel and p-channel MOS field effect transistors 1 3 
and 23. The gate electrode of the p-channel MOS field 
effect transistor 19 receives the clock signal "CLK". Al- *o 
so., the p-channel MOS field effect transistors 1 6 and 20 
are connected in parallel to each other between the 
power voltage line and the drain electrodes of the n- 
channel and p-channel MOS field effect transistors 14 
and 24. The gate electrode of the p-channel MOS field 45 
effect transistor 20 receives the clock signal "CLK". In 
the release from the latch-state of the master latch cir- 
cuit, the p-channel MOS field effect transistors 19 and 
20 turn ON, so that both the outputs (D, D*) of the master 
latch circuit become the high level "IT. In the latch-state 50 
of the master latch circuit, then-channel MOSfield effect 
transistors 21 and 22 turn ON, so as to supply a current 
to the bistable circuit and also to suppress any substan- 
tive through-current in the transitional process of the first 
and second CMOS inverters. 55 
[0103] The first and second differential input transistor 
pairs are connected in parallel to each other with refer- 
ence to the output side of the master latch circuit. 
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[0104] In the above-described circuit configuration, 
the three current-supplying n-channel MOS field effect 
transistors 11, 21 and 22 are provided. It is, however, 
possible as a modification that in place of the two cur- 
rent-supplying n-channel MOSfield effect transistors 21 
and 22, a single current-supplying n-channel MOS field 
effect transistor may be provided. 
[0105] The signal latch operation of the sampling re- 
ceiver shown in FIG. 5 in accordance with this third em- 
bodiment is the same as of the sampling receiver in the 
second embodiment and as shown in FIG. 5. The dupli- 
cate detailed descriptions will be omitted. 
[0106] The second differential input transistor pair 
comprising the two p-channel MOS field effect transis- 
tors 23 and 24 is incapable of the differential amplifica- 
tion function forthe small amplitude data (IN+, IN — ) in- 
putted into the input terminals 1 and 2. The second dif- 
ferential input transistor pair is, however, capable of the 
detection function for the small amplitude data (IN+, 
IN — ) inputted into the input terminals 1 and 2. This de- 
tected voltage difference is usable for driving the bista- 
ble circuit to perform the latch operation. For this reason, 
as shown in FIG. 6B, if the common mode level "Vcm" 
of the input signals or input data is lower than a threshold 
voltage "VT1 " of the n-channel MOS field effect transis- 
tor, then the differential input p-channel transistor pair is 
placed in the operable state to detect the voltage differ- 
ence between the input signals or the input data (IN+, 
IN — ), even the differential input n-channel transistor 
pair is placed in the inoperable state. If the common 
mode level "Vcm" of the input signals or input data is 
higherthan the threshold voltage "VT1 " of the n-channel 
MOS field effect transistor and lower than a threshold 
voltage M vT2" of the p-channei MOS field effect transis- 
tor, then both the differential input n-channel and p- 
channel transistor pairs are placed in the operable state 
to detect the voltage difference between the input sig- 
nals or the input data (IN+, IN — ). If the common mode 
level "Vcm" of the input signals or input data is higher 
than the threshold voltage " VT2" of the p-channel MOS 
field effect transistor, then the differential input n-chan- 
nel transistor pair is placed in the operable state to de- 
tect the voltage difference between the input signals or 
the input data (IN+, IN — ), even the differential input p- 
channel transistor pair is placed in the inoperable state. 
Namely, in any common mode levels, at least one of the 
differential input n-channel and p-channel transistor 
pairs is placed in the operable state to detect the voltage 
difference between the input signals or the input data 
(IN+, IN—). 

[0107] Also, the above novel circuit configuration of 
the third embodiment of the present invention has the 
same effects as in the first embodiment. Namely, the 
output side of the bistable circuit is connected in parallel 
to the output side of the differential input transistor pair. 
This circuit configuration reduces the number of the se- 
ries-connected-stages of the transistors to reduce the 
output impedance, thereby reducing the delay time in 
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falling the output signal from the master latch circuit. 
This allows the sampling receiver to exhibit a desired 
high speed latch operation. 

[0108] In the above circumstances, even if the clock 
signal frequency is high : while the delay time of latch- s 
operation of the slave latch circuit is small, for which rea- 
son, it is possible, any cases, that the delay time in falling 
of the output signal from the master latch circuit is so 
small as to ensure that the clock signal is inverted but 
after the time-delayed latch operation of the slave latch 10 
circuit has been completed. In any cases, the sampling 
receiver is free of any undesired malfunction. 

FOURTH EMBODIMENT : 

15 

[0109] A fourth embodiment according to the present 
invention will be described in detail with reference to the 
drawings. FIG. 8 is a circuit diagram illustrative of a cir- 
cuit configuration of one typical novel sampling receiver 
in a fourth embodiment in accordance with the present 20 
invention. 

[0110] The sampling receiver includes first and sec- 
ond master latch circuits 100 and 200, a cross-coupled 
inverter circuit pair 300 and a slave latch circuit. The first 
master latch circuit 1 00 has two outputs "Da" and "Da*". 25 
The first master latch circuit 100 has a clock input ter- 
minal "CLKa" which receives an input of a clock signal 
"CLKa". The second master latch circuit 200 has two 
outputs "Db" and "Db* n . The second master latch circuit 
200 has an inversion clock input terminal "CLKb" which 30 
receives an input of an inversion clock signal "CLKb". 
The first and second master latch circuits 100 and 200 
have first and second common data input terminals 1 
and 2, wherein the first common data input terminal 1 
receives the input data "IN+". while the second common 35 
data input terminal 2 receives the input data "IN — ". 
[01 11 ] The slave latch circuit comprises a differential- 
type set-reset-flip-flop circuit 70 which has set and reset 
input terminals "S" and "FT and inversion set and reset 
input terminals "S*" and "R* n as well as two output ter- 40 
minals "Dout" and H Dout_". The set input terminal "S" of 
the slave latch circuit receives the output "Da" from the 
first master latch circuit 1 00. The inversion set input ter- 
minal "S* B receives the output "Db M from the second 
master latch circuit 200. The reset input terminal "FT of 45 
the slave latch circuit receives the output "Da*" from the 
first master latch circuit 100. The inversion reset input 
terminal "R*" of the slave latch circuit receives the output 
"Db*" from the second master latch circuit 200. 
[0112] The cross-coupled inverter circuit pair 300 so 
comprises first and second cross-coupled inverter cir- 
cuits. The first cross-coupled inverter circuit is connect- 
ed between the output "Da" from the first master latch 
circuit 1 00 and the output "Db" from the second master 
latch circuit 200, The second cross-coupled inverter cir- ss 
cuit is connected between the output "Da*" from the first 
master latch circuit 100 and the output "Db*" from the 
second master latch circuit 200. The first cross-coupled 



inverter circuit comprises a pair of inverters 61 and 62 
which are connected in anti-parallel to each other be- 
tween the output "Da" from the first master latch circuit 
100 and the output "Db" from the second master latch 
circuit 200. The second cross-coupled inverter circuit 
comprises another pair of inverters 63 and 64 which are 
connected in anti-parallel to each other between the out- 
put "Da*" from the first master latch circuit 100 and the 
output "Db*" from the second master latch circuit 200. 
[0113] The first master latch circuit 100 has the same 
circuit configuration as described in the first embodi- 
ment and shown in FIG. 3. The second master latch cir- 
cuit 200 has a different circuit configuration from the first 
master latch circuit 1 00 in view that the both circuit con- 
figurations are opposite to each other with reference to 
between the power voltage line and the ground line, and 
between the n-channel MOS field effect transistor and 
the p-channel MOS field effect transistor. The first mas- 
ter latch circuit .100 includes a differential input n-chan- 
nel transistor pair and a first bistable circuit. The second 
master latch circuit 200 includes a differential input p- 
channel transistor pair and a second bistable circuit. 
[01 14] In the first master latch circuit 1 00, the first bist- 
able circuit comprises two CMOS inverters. The differ- 
ential input n-channel transistor pair further comprises 
two n-channel MOS field effect transistors 13 and 14 
having respective gate electrodes which are connected 
to the input terminals 1 and 2 respectively. The input ter- 
minal 1 receives an input of small amplitude data IN+, 
while the input terminal 2 receives another input of small 
amplitude data IN—. Respective source electrodes of 
the n-channei MOS field effect transistors 1 3 and 1 4 are 
commonly connected through a current supplying n- 
channel MOS field effect transistor 11 to a ground line 
7. A gate electrode of the n-channel MOS field effect 
transistor 1 1 is connected to the clock input terminal 3a 
which receives an input of a clock signal "CLKa". In the 
sampling process, the n-channel MOS field effect tran- 
sistor 11 turns ON to place the differential input n-chan- 
nel transistor pair in an operable state. In the non-sam- 
pling state, the n-channel MOS field effect transistor 11 
remains OFF to place the differential input n-channel 
transistor pair in an inoperable state. A drain electrode 
of the n-channel MOS field effect transistor 13 is con- 
nected to drain electrodes of p-channel and n-channel 
MOS field effect transistors 15 and 17 as well as con- 
nected to a drain electrode of a p-channel MOS field ef- 
fect transistor 19. A drain electrode of the n-channel 
MOS field effect transistor 1 4 is connected to drain elec- 
trodes of p-channel and n-channel MOS field effect tran- 
sistors 16 and 18 as well as connected to a drain elec- 
trode of a p-channel MOS field effect transistor 20. 
[0115] As described above, the first bistable circuit 
comprises first and second CMOS inverters. The first 
CMOS inverter comprises the p-channel MOS field ef- 
fect transistor 15 and the n-channel MOS field effect 
transistor 1 7. The second CMOS inverter comprises the 
p-channel MOS field effect transistor 1 6 and the n-chan- 
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nel MOS field effect transistor 18. The first and second 
CMOS inverters are cross -connected to each other to 
form the first bistable circuit. Namely, an input side of 
the first CMOS inverter is connected to an output side 
of the second CMOS inverter, while an output side of 
the first CMOS inverter is connected to an input side of 
the second CMOS inverter. Source electrodes of the p- 
channel MOS field effect transistors 15 and 16 are con- 
nected to a power voltage line 6. Source electrodes of 
the n-channel MOS field effect transistors 1 7 and 1 8 are 
commonly connected through an n-channel MOS field 
effect transistor 12 to a ground line 7. A gate electrode 
of the n-channel MOS field effect transistor 12 is con- 
nected to the input terminal 3a for receiving the clock 
signal "CLKa". The drain electrode of the p-channel 
MOS field effect transistor 1 9 is connected to the output 
side of the first CMOS inverter and also the drain elec- 
trode of the n-channel MOS field effect transistor 13 in 
the differential input n-channel transistor pair. A source 
electrode of the p-channel MOS field effect transistor 1 9 
is connected to the power voltage line 6. The drain elec- 
trode of the p-channel MOS field effect transistor 20 is 
connected to the output side of the second CMOS in- 
verter and also the drain electrode of the n-channel 
MOS field effect transistor 14 in the differential input n- 
channel transistor pair. A source electrode of the p- 
channel MOS field effect transistor 20 is connected to 
the power voltage line 6. 

[0116] The first master latch circuit 100 in the sam- 
pling receiver comprises the n-channel MOS field effect 
transistors 11, 12, 13, 14, 17 and 18, and the p-channel 
MOS field effect trahsisFors 15,1 6; 19 arid 20. The first 
master latch circuit 100 has two outputs (Da, Da*) from 
the first and second CMOS inverters, respectively. The 
first master latch circuit 100 includes the differential in- 
put n-channel transistor pair which comprises the n- 
channel MOS field effect transistors 1 3 and 14. The first 
master latch circuit 1 00 includes the first bistable circuit 
which further includes a pair of the first and second 
CMOS inverters. The first CMOS inverter comprises the 
first pair of the p-channel and n-channel MOS field effect 
transistors 15 and 17. The second CMOS inverter com- 
prises the second pair of the p-channel and n-channel 
MOS field effect transistors 16 and 1 8. 
[0117] The p-channel MOS field effect transistors 15 
and 1 9 are connected in parallel to each other between 
the power voltage line and the drain electrode of the n- 
channel MOS field effect transistor 13. The gate elec- 
trode of the p-channel MOS field effect transistor 19 re- 
ceives the clock signal "CLKa". Also, the p-channel 
MOS field effect transistors 1 6 and 20 are connected in 
parallel to each other between the power voltage line 6 
and the drain electrode of the n-channel MOS field effect 
transistor 14. The gate electrode of the p-channel MOS 
field effect transistor 20 receives the clock signal "CL- 
Ka". In the release from the latch-state of the first master 
latch circuit 1 00, the p-channel MOS field effect transis- 
tors 19 and 20 turn ON, so that both the outputs (Da, 



Da*) of the first master latch circuit 1 00 become the high 
level "H". In the latch-state of the first master latch circuit 
100, the n-channel MOS field effect transistor 12 turns 
ON, so as to supply a current to the first bistable circuit 
5 and also to suppress any substantive through-current in 
the transitional process of the first and second CMOS 
inverters. 

[0118] In the second master latch circuit 200, the sec- 
ond bistable circuit comprises two CMOS inverters. The 

10 differential input p-channel transistor pair further com- 
prises two p-channel MOS field effect transistors 53 and 
54 having respective gate electrodes which are con- 
nected to the input terminals 1 and 2 respectively. The 
input terminal 1 receives an input of small amplitude da- 

15 ta IN+, while the input terminal 2 receives another input 
of small amplitude data IN — . Respective source elec- 
trodes of the p-channel MOS field effect transistors 53 
and 54 are commonly connected through a current sup- 
plying p-channel MOS field effect transistor51 to a pow- 

20 er voltage line 6. A gate electrode of the p-channel MOS 
field effect transistor 51 is connected to the clock input 
terminal 3b which receives an input of an inversion clock 
signal "CLKb". In the sampling process, the p-channel 
MOS field effect transistor 51 turns ON to place the dif- 

25 ferential input p-channel transistor pair in an operable 
state. In the non-sampling state, the p-channel MOS 
field effect transistor 51 remains OFF to place the differ- 
ential input p-channel transistor pair in an inoperable 
state. A drain electrode of the p-channel MOS field effect 

30 transistor 53 is connected to drain electrodes of n-chan- 
nel and p-channel MOS field effect transistors 55 and 
~57 "as well as connected to "a drain electrode of ariri- 
channel MOS field effect transistor 59. A drain electrode 
of the p-channel MOS field effect transistor 54 is con- 

35 nected to drain electrodes of n-channel and p-channel 
MOS field effect transistors 56 and 58 as well as con- 
nected to a drain electrode of an n-channel MOS field 
effect transistor 60. 

[0119] As described above, the second bistable cir- 

^0 cuit comprises third and fourth CMOS inverters. The 
third CMOS inverter comprises the n-channel MOS field 
effect transistor 55 and the p-channel MOS field effect 
transistor 57. The fourth CMOS inverter comprises the 
n-channel MOS field effect transistor 56 and the p-chan- 

45 nel MOS field effect transistor 58. The third and fourth 
CMOS inverters are cross-connected to each other to 
form the second bistable circuit. Namely, an input side 
of the third CMOS inverter is connected to an output side 
of the fourth CMOS inverter, while an output side of the 

50 third CMOS inverter is connected to an input side of the 
fourth CMOS inverter. Source electrodes of the n-chan- 
nel MOS field effect transistors 55 and 56 are connected 
to a ground line 7. Source electrodes of the p-channel 
MOS field effect transistors 57 and 58 are commonly 

55 connected through an p-channel MOS field effect tran- 
sistor 52 to a power voltage line 6. A gate electrode of 
the p-channel MOS field effect transistor 52 is connect- 
ed to the input terminal 3b for receiving the clock signal 
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"CLKb". The drain electrode of the n-channel MOS field 
effect transistor 59 is connected to the output side of the 
third CMOS inverter and also the drain electrode of the 
p-channel MOS field effect transistor 53 in the differen- 
tial input p-channel transistor pair. A source electrode 5 
of the n-channel MOS field effect transistor 59 is con- 
nected to the ground line 7. The drain electrode of the 
n-channel MOS field effect transistor 60 is connected to 
the output side of the fourth CMOS inverter and also the 
drain electrode of the p-channel MOS field effect tran- 10 
sistor 54 in the differential input p-channel transistor 
pair. A source electrode of the n-channe! MOS field ef- 
fect transistor 60 is connected to the ground line 7. 
[01 20] The second master latch circuit 200 in the sam- 
pling receiver comprises the p-channel MOS field effect 1$ 
transistors 51 , 52, 53, 54, 57 and 58, and the n-channel 
MOS field effect transistors 55, 56, 59 and 60. The sec- 
ond master latch circuit 200 has two outputs (Db, Db*) 
from the third and fourth CMOS inverters, respectively. 
The second master latch circuit 200 includes the differ- 20 
ential input p-channel transistor pair which comprises 
the p-channel MOS field effect transistors 53 and 54. 
The second master latch circuit 200 includes the second 
bistable circuit which further includes a pair of the third 
and fourth CMOS inverters. The third CMOS inverter 25 
comprises the first pair of the n-channel and p-channel 
M OS field effect transistors 55 and 57. The fou rth CMOS 
inverter comprises the second pair of the n-channel and 
p-channei MOS field effect transistors 56 and 58. 
[0121] The n-channel MOS field effect transistors 55 30 
and 59 are connected in parallel to each other between 
the powe r voltage I in e and the drain electrode of th e p- 
channel MOS field effect transistor 53. The gate elec- 
trode of the n-channel MOS field effect transistor 59 re- 
ceives the inversion clock signal "CLKb". Also, the n- 35 
channel MOS field effect transistors 56 and 60 are con- 
nected in parallel to each other between the ground line 
7 and the drain electrode of the p-channel MOS field 
effect transistor 54. The gate electrode of the n-channel 
MOS field effect transistor 60 receives the inversion *o 
clock signal "CLKb". In the release from the latch-state 
of the second master latch circuit 200, the n-channel 
MOS field effect transistors 59 and 60 turn ON, so that 
both the outputs (Db, Db*) of the second master latch 
circuit 200 become the high level "H". In the latch-state 45 
of the second master latch circuit 200, the p-channel 
MOS field effect transistor 52 turns ON, so as to supply 
a current to the second bistable circuit and also to sup- 
press any substantive through-current in the transitional 
process of the third and fourth CMOS inverters. so 
[0122] FIG. 9 is a timing chart explaining operations 
of the novel sampling receiver of FIG. 8. When the clock 
signal "CLKa" of the low level "L" is inputted into the 
clock input terminal 3a, while the inversion clock signal 
"CLKb" of the high level "H" is inputted into the second 55 
clock input terminal 3b, the n-channel MOS field effect 
transistors 11 and 12 and the p-channel MOS field effect 
transistors 51 and 52 turn OFF, while the p-channel 



MOS field effect transistors 1 9 and 20 and the n-channel 
MOS field effect transistors 59 and 60turn ON. The dif- 
ferential input n-channel transistor pair receives no cur- 
rent supply from the ground line 7 through the OFF-statc 
n-channel MOS field effect transistor 11 as well as the 
differential input p-channel transistor pair receives no 
current supply from the power voltage line 6 through the 
OFF-state p-channel MOS field effect transistor 51 , 
whereby the differential input n-channel transistor pair 
and the differential input p-channel transistor pair are 
placed into the inoperable state. The first bistable circuit 
also receives no current supply from the ground line 7 
through the OFF-state n-channel MOS field effect tran- 
sistor 1 2, whereby the first bistable circuit is placed into 
the inoperable state. The second bistable circuit also re- 
ceives no current supply from the power voltage line 6 
through the OFF-state p-channel MOS field effect tran- 
sistor 52, whereby the second bistable circuit is placed 
into the inoperable state. Since the p-channel MOS field 
effect transistors 19 and 20 are placed in the ON-state, 
the two outputs (Da, Da*) from the first master latch cir- 
cuit are in the high level "H". Further, since the n-channel 
MOS field effect transistors 59 and 60 are placed in the 
ON-state, the two outputs (Db, Db*) from the second 
master latch circuit are in the low level "L". Accordingly, 
the differential-type set- reset-flip-flop circuit 70 as the 
slave latch circuit shows no change of the outputs (Q, 
Q*). 

[0123] In the above-described state, if the clock signal 
"CLKa" inputted into the input terminal 3a shows a level- 
transition from the low level "L" into the high level "H" 
while the in version clock signai "CLKb" inputted into the 
input terminal 3b shows another level-transition from the 
high level "H" into the low level "L", then the n-channel 
MOS field effect transistors 1 1 and 1 2 and the p-channel 
MOS field effect transistors 51 and 52 turn ON, while 
the p-channel MOS field effect transistors 1 9 and 20 and 
the n-channel MOS field effect transistors 59 and 60 turn 
OFF, whereby the differential input n-channel transistor 
pair and the first bistable circuit of the first master latch 
circuit are placed in the operable state as well as the 
differential input p-channel transistor pair and the sec- 
ond bistable circuit of the second master Jatch circuit are 
also placed in the operable state, so that the first and 
second master latch circuits show the sampling opera- 
tions for sampling the input signals. At this time, the 
small amplitude data (IN+) of the high level andthe small 
amplitude data (IN — ) of the low level are respectively 
inputted into the two input terminals 1 and 2 of the dif- 
ferential input n-channel transistor pair and the differen- 
tial input p-channel transistor pair, whereby the n-chan- 
nel MOS field effect transistor 13 shows a current in- 
crease and a drain voltage drop, while the n-channel 
MOS field effect transistor 14 shows a current decrease 
and a drain voltage rise as well as the p-channel MOS 
field effect transistor 54 shows a current increase and a 
drain voltage rise, while the p-channel MOS field effect 
transistor 53 shows a current decrease and a drain volt- 
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age drop. 

[0124] The n-channel MOS field effect transistor 18 
with the gate electrode connected to the drain electrode 
of the n-channel MOS field effect transistor 13 shows a 
transition to the OFF-state, while the p-channel MOS 
field effect transistor 1 6 with the gate electrode connect- 
ed to the drain electrode of the n-channel MOS field ef- 
fect transistor 13 shows another transition to the ON- 
state. The n-channel MOS field effect transistor 1 7 with 
the gate electrode connected to the drain electrode of 
the n-channel MOS field effect transistor 14 shows a 
transition to the ON-state, while the p-channel MOS field 
effect transistor 1 5 with the gate electrode connected to 
the drain electrode of the n-channel MOS field effect 
transistor 1 4 shows another transition to the OFF-state. 
The output (Da) of the first master latch circuit 1 00 re- 
mains in the high level "H", while the output (Da*) of the 
first master latch circuit 1 00 becomes low level "L". This 
voltage fall of the output (Da*) causes the voltage fall of 
the reset terminal of the differential-type set-reset-flip- 
flop circuit 70. 

[0125] The p-channel MOS field effect transistor 57 
with the gate electrode connected to the drain electrode 
of the p-channel MOS field effect transistor 54 shows a 
transition to the OFF-state, while the n-channel MOS 
field effect transistor 55 with the gate electrode connect- 
ed to the drain electrode of the p-channel MOS field ef- 
fect transistor 54 shows another transition to the ON- 
state. The p-channel MOS field effect transistor 58 with 
the gate electrode connected to the drain electrode of 
the p-channel MOS field effect transistor 53 shows a 
tfansitio n to the ON-state ; while the n"-ch an net MOS field 
effect transistor 56 with the gate electrode connected to 
the drain electrode of the p-channel MOS field effect 
transistor 53 shows another transition to the OFF-state. 
The output (Db) of the second master latch circuit 200 
remains in the low level "L", while the output (Db*) of the 
second master latch circuit 200 becomes high level TP. 
This voltage rise of the output (Db*) causes the voltage 
rise of the inversion reset terminal of the differential-type 
set-reset-flip-flop circuit 70. 

[0126] Accordingly, the voltage fall of the reset termi- 
nal and the voltage rise of the inversion reset terminal 
do reset the differential-type set- reset-flip-flop circuit 70, 
whereby the output "Q" is latched at the low level H L", 
while the output "Q*" is latched at the high level "H". 
[01 27] Thereafter, when the transition into the low lev- 
el "L" of the clock signal "CLKa" and the other transition 
into the high level "H" of the invrsion clock signal "CLKb" 
appear, then the n-channel MOS field effect transistors 
1 1 and 1 2 and the p-channel MOS field effect transistors 
51 and 52 turn OFF, while the p-channel MOS field effect 
transistors 1 9 and 20 and the n-channel MOS field effect 
transistors 59 and 60 turn ON. 

[0128] The differential input n-channel transistor pair 
receives no current supply from the ground line 7 
through the OFF-state n-channel MOS field effect tran- 
sistor 11 , whereby the differential input n-channel tran- 
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sistor pair is placed into the inoperable state. The first 
bistable circuit also receives no current supply from the 
ground line 7 through the OFF-state n-channel MOS 
field effect transistor 12, whereby the first bistable circuit 

s is placed into the inoperable state. Similarly, the differ- 
ential input p-channel transistor pair receives no current 
supply from the power voltage line 6 through the OFF- 
state p-channel MOS field effect transistor 51 , whereby 
the differential input p-channel transistor pair is placed 

10 into the inoperable state. The second bistable circuit al- 
so receives no current supply from the power voltage 
line 6 through the OFF-state p-channel MOS field effect 
transistor 52, whereby the second bistable circuit is 
placed into the inoperable state. 

15 [0129] Since the p-channel MOS field effect transis- 
tors 19 and 20 are placed in the ON-state, the two out- 
puts (Da, Da*) of the first master latch circuit are placed 
in the high level "H". Further, since the n-channel MOS 
field effect transistors 59 and 60 are placed in the ON- 

20 state, the two outputs (Db, Db*) of the second master 
latch circuit are placed in the low level "L'\ Accordingly, 
the differentia I -type set- reset-flip-flop circuit 70 as the 
slave latch circuit shows no change of the outputs (Q, 
Q*) or holds the latched low level "L" of the output "Q" 

25 and the latched high level "H" of the output "Q* M . 

[0130] If the clock signal "CLKa" inputted into the input 
terminal 3a shows the level-transition from the low level 
"L" into the high level "H" while the inversion clock signal 
"CLKb" inputted into the input terminal 3b shows the oth- 

30 er level-transition from the high level "H" into the low 
level "L", then the n-channel MOS field effect transistors 
" H and 12 and the p-channel MOS field effect transistors 
51 and 52 turn ON, while the p-channel MOS field effect 
transistors 1 9 and 20 and the n-channel MOS field effect 

35 transistors 59 and 60 turn OFF, whereby the differential 
input n-channel transistor pair and the first bistable'cir- 
cuit of the first master latch circuit are placed in the op- 
erable state as well as the differential input p-channel 
transistor pair and the second bistable circuit of the sec- 

40 ond master latch circuit are placed in the operable state, 
so that the first and second master latch circuits show 
the sampling operations for sampling the input signals. 
At this time, the small amplitude data (IN+) of the low 
level and the small amplitude data (IN — ) of the high 

45 level are respectively inputted into the two input termi- 
nals 1 and 2 of the differential input n-channel transistor 
pair and the differential input p-channel transistor pair, 
whereby the n-channel MOS field effect transistor 14 
shows a current increase and a drain voltage drop : while 

50 the n-channel MOS field effect transistor 13 shows a 
current decrease and a drain voltage rise. Further, the 
p-channel MOS field effect transistor 53 shows a current 
increase and a drain voltage rise, while the p-channel 
MOS field effect transistor 54 shows a current decrease 

55 and a drain voltage fall. 

[0131] The n-channel MOS field effect transistor 18 
with the gate electrode connected to the drain electrode 
of the n-channel MOS field effect transistor 13 shows a 
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transition to the ON-state, while the p-channel MOS field 
effect transistor 1 6 with the gate electrode connected to 
the drain electrode of the n-channel MOS field effect 
transistor 1 3 shows another transition to the OFF-state. 
The n-channel MOS field effect transistor 17 with the 
gate electrode connected to the drain electrode of the 
n-channel MOS field effect transistor 14 shows a tran- 
sition to the OFF-state, while the p-channel MOS field 
effect transistor 15 with the gate electrode connected to 
the drain electrode of the n-channel MOS field effect 
transistor 14 shows another transition to the ON-state. 
The output (Da) of the first master latch circuit 1 00 be- 
comes low level "L°, while the output (Da*) of the first 
master latch circuit 100 remains in the high level "H", 
thereby causing the voltage fall of the set terminal of the 
differential -type set-reset-flip-flop circuit 70. 
[0132] The p-channel MOS field effect transistor 58 
with the gate electrode connected to the drain electrode 
of the p-channel MOS field effect transistor 53 shows a 
transition to the OFF-state, while the n-channel MOS 
field effect transistor 56 with the gate electrode connect- 
ed to the drain electrode of the p-channel MOS field ef- 
fect transistor 53 shows another transition to the ON- 
state. The p-channel MOS field effect transistor 57 with 
the gate electrode connected to the drain electrode of 
the p-channel MOS field effect transistor 54 shows a 
transition to the ON-state, while the n-channel MOS field 
effect transistor 55 with the gate electrode connected to 
the drain electrode of the p-channel MOS field effect 
transistor 54 shows another transition to the OFF-state. 
The output (Db*) of the second master latch circuit 200 
remains in the low level "L", while the output (Db) of the 
second master latch circuit 200 becomes high level "H". 
This voltage rise of the output (Db) causes the voltage 
rise of the inversion reset terminal of the differential-type 
set-reset -flip-flop circuit 70. 

[01 33] Accordingly, the voltage rise of the reset termi- 
nal and the voltage fall of the set terminal do set the 
differential-type set-reset-flip-flop circuit 70, whereby 
the output "Q" is latched at the high level "H'\ while the 
output "Q*" is latched at the low level U L". 
[01 34] Thereafter, when the transition into the low lev- 
el "L" of the clock signal "CLKa" and the other transition 
into the high level "H" of the inversion clock signal 
"CLKb" appear, then the n-channel MOS field effect 
transistors 1 1 and 1 2 and the p-channel MOS field effect 
transistors 51 and 52 turn OFF, while the p-channel 
MOS field effect transistors 1 9 and 20 and the n-channel 
MOS field effect transistors 59 and 60 turn ON. The dif- 
ferential input n-channel transistor pair and the first bist- 
able circuit are placed into the inoperable state as well 
as the differential input p-channel transistor pair and the 
second bistable circuit are also placed into the inopera- 
ble state. The two outputs (Da, Da*) of the first master 
latch circuit are placed in the high level "H", while the 
two outputs (Db, Db*) of the second master latch circuit 
are placed in the low level "L". Accordingly, the differen- 
tial-type set-reset-flip-flop circuit 70 as the slave latch 



circuit shows no change of the outputs (Q, Q*) or holds 
the latched high level "H" of the output M Q" and the 
latched low level "L" of the output M Q*" . 
[0135] The present voltage levels of the small ampli- 

5 tude data (IN+, IN — ) are converted to the CMOS levels 
and latched at those levels even when the transition into 
the high level "H" of the clock signal "CLKa" and also 
the other transition into the low level "L" of the inversion 
clock signal "CLKb" appear 

10 [0136] As described above, the drain electrode of the 
n-channel MOS field effect transistor 13 included in the 
differential input n-channel transistor pair is connected 
to the output (Da) of the first master latch circuit 100. 
The drain electrode of the n-channel MOS field effect 

15 transistor 1 7 included in the first bistable circuit is also 
connected to the same output (Da) of the first master 
latch circuit 100. Namely, the respective drain elec- 
trodes of the n-channel MOS field effect transistors 13 
and 1 7 are in parallel to each other with reference to the 

20 output (Da) of the first master latch circuit 1 00. Further, 
the drain electrode of the n-channel MOS field effect 
transistor 14 included in the differential input n-channel 
transistor pair is connected to the output (Da*) of the 
first master latch circuit 100. The drain electrode of the 

25 n-channel MOS field effect transistor 1 8 included in the 
first bistable circuit is also connected to the same output 
(Da*) of the first master latch circuit 100. Namely, the 
respective drain electrodes of the n-channel MOS field 
effect transistors 14 and 1 8 are in parallel to each other 

30 with reference to the output (Da*) of the first master latch 
circuit 100. 

[0137] Similarly; the draih~erectf6de of the p^h~an7iel 
MOS field effect transistor 53 included in the differential 
input p-channel transistor pair is connected to the output 

35 (Db) of the second master latch circuit 200. The drain 
electrode of the p-channel MOS field effect transistor 57 
included in the second bistable circuit is also connected 
to the same output (Db) of the second master latch cir- 
cuit 200. Namely, the respective drain electrodes of the 
p-channel MOS field effect transistors 53 and 57 are in 
parallel to each other with reference to the output (Db) 
of the second master latch circuit 200. Further, the drain 
electrode of the p-channel MOS field effect transistor 54 
included in the differential input p-channel transistor pair 

^5 js connected to the output (Db*) of the second master 
latch circuit 200. The drain electrode of the p-channel 
MOS field cffeet transistor 58 included in the second 
bistable circuit 200 is also connected to the same output 
(Db*) of the second master latch circuit 200. Namely, 

50 the respective drain electrodes of the p-channel MOS 
field effect transistors 54 and 58 are in parallel to each 
other with reference to the output (Db*) of the second 
master latch circuit 200. 

[0138] The externally inputted small amplitude data 
55 (|N+, IN — ) are sampled upon the high level "H" of the 
clock signal "CLKa" and the low level "L M of the inversion 
clock signal "CLKb", and then level-converted to the 
CMOS level by the first and second master latch circuits 
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for supplying the output signals (Da and Da*) and the 
output signals (Db and Db*) to the slave latch circuit 70. 
An output impedance of the output terminals of the first 
master latch circuit, on which the output signal (Da or 
Da*) appears, is given by the sum of source-drain im- 
pedances of either a two-stage-series-connection of the 
n-channel MOS field effect transistors 11 and 13 or an- 
other two -stage-series-connection of the n-channel 
MOS field effect transistors 11 and 14. Similarly, an out- 
put impedance of the output terminals of the second 
master latch circuit, on which the output signal (Db or 
Db*) appears, is given by the sum of source-drain im- 
pedances of either a two-stage-series-connection of the 
p-channel MOS field effect transistors 51 and 53 or an- 
other two-stage-series-connection of the p-channel 
MOS field effect transistors 51 and 54. This means that 
the output impedance of the output signal (Da or Da*) 
from the first master latch circuit 1 00 as well as the out- 
put signal (Db or Db*) from the second master latch cir- 
cuit 200 are thus smaller than the output impedance giv- 
en by the three-stage-series-connection of the above- 
described conventional sampling receiver shown in FIG. 
1. 

[0139] The relatively small output impedance of the 
output signal (Da or Da*) of the first master latch circuit 
1 00 causes a relatively small time constant of the output 
signal from the first master latch circuit 100. Similarly, 
the relatively small output impedance of the output sig- 
nal (Db or Db*) of the second master latch circuit 200 
causes a relatively small time constant of the output sig- 
nal from the second master latch circuit 200. The rela- 
tively small time constants of the output signals from the 
first and second master latch circuits 1 00 and 200 make 
the transistor driving ability large apparently. Namely, 
the relatively small time constants of the output signals 
from the first and second master latch circuits 100 and 
200 reduce a delay time in falling the output signal from 
the first master latch circuit 100 and a delay time in rising 
the output signal from the second master latch circuit 
200. The reduction in the delay time of falling and rising 
the output signals from the first and second master latch 
circuits 1 00 and 200 causes a reduction in delay time of 
latch -operation of the slave latch circuit which compris- 
es the differential-type set-reset-flip-flop circuit 70. 
[01 40] According to the above novel circuit configura- 
tion of the fourth embodiment of the present invention, 
the output side of the first bistable circuit is connected 
in parallel to the output side of the differential input n- 
channel transistor pair. This circuit configuration reduc- 
es the number of the series-connected-stages of the 
transistors to reduce the output impedance, thereby re- 
ducing the delay time in falling the output signal from the 
first master latch circuit 1 00. Similarly, the output side of 
the second bistable circuit is connected in parallel to the 
output side of the differentia! input p-channel transistor 
pair. This circuit configuration reducesthe number of the 
series-connected-stages of the transistors to reduce the 
output impedance, thereby reducing the delay time in 



falling the output signal from the second master latch 
circuit 200. These allow the sampling receiver to exhibit 
a desired high speed latch operation. 
[0141] The above novel circuit configuration of the 

5 first mater latch circuit 1 00 has a first series connection 
of the n-channel MOS field effect transistor 1 2 and either 
the n-channel MOS field effect transistor 1 7 or 1 8 includ- 
ed in the first bistable circuit between the ground line 7 
and the drain electrode of the p-channel MOS field effect 

10 transistor 1 9 or 20. The above novel circuit configuration 
of the first mater latch circuit 100 also has a second se- 
ries connection of the n-channel MOS field effect tran- 
sistor 11 and either the n-channel MOS field effect tran- 
sistor 1 3 or 14 included in the differential input n-channel 

15 transistor pair. The first and second series connections 
are in parallel to each other, for which reason the output 
impedance of the first master latch circuit 100 is further 
reduced, thereby further reducing the delay time in fall- 
ing the output signal from the first master latch circuit 

20 100. Similarly, the above novel circuit configuration of 
the second mater latch circuit 200 also has a third series 
connection of the p-channel MOS field effect transistor 
52 and either the p-channel MOS field effect transistor 
57 or 58 included in the second bistable circuit between 

25 the power voltage line 6 and the drain electrode of the 
n-channel MOS field effect transistor 59 or 60. The 
above novel circuit configuration of the second mater 
latch circuit 200 also has a fourth series connection of 
the p-channel MOS field effect transistor 51 and either 

30 the p-channel MOS field effect transistor 53 or 5 includ- 
ed in the differential input p-channel transistor pair. The 
third arid fourth series connections are in parallel to each 
other, for which reason the output impedance of the sec- 
ond master latch circuit 200 is further reduced, thereby 

35 further reducing the delay time in rising the output signal 
from the second master latch circuit 200. This further 
improves the high speed performance in the latch oper- 
ation of the sampling receiver. 

[0142] In the above circumstances, even if the clock 

40 signal frequency is high, while the delay time of latch- 
operation of the slave latch circuit is small, for which rea- 
son, it is possible, any cases, that the delay time in falling 
or rising the output signal from the first or second master 
latch circuit 1 00 or 200 is so small as to ensure that the 

45 clock signal and the inversion clock signals are inverted 
but after the time-delayed latch operations of the slave 
latch circuit has been completed. In any cases, the sam- 
pling receiver is free of any undesired malfunction. 
[0143] In addition, the current-supplying n-channel 

50 MOS field effect transistors 11 and 12 turn ON in the 
latch-operation so as to suppress the transitional 
through-current to the CMOS inverters forming the first 
bistable circuit of the first master latch circuit 100. Sim- 
ilarly, the current-supplying p-channel MOS field effect 

55 transistors 51 and 52 turn ON in the latch-operation so 
as to suppress the transitional through-current to the 
CMOS inverters forming the second bistable circuit of 
the second master latch circuit 200. This circuit config- 
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uration reduces the power consumption of the sampling 
receiver. 

[0144] Furthermore, as described above, the first 
cross-coupled inverter circuit comprises a pair of the in- 
verters 61 and 62 which are connected in anti-parallel 
to each other between the output "Da" from the first mas- 
ter latch circuit 1 00 and the output "Db" from the second 
master latch circuit 200. 

[0145] The second cross-coupled inverter circuit also 
comprises another pair of the inverters 63 and 64 which 
are connected in anti-parallel to each other between the 
output "Da*" from the first master latch circuit 100 and 
the output "Db*" from the second master latch circuit 
200. This circuit configuration provides a further im- 
provement in the latch performance of the sampling re- 
ceiver as well as a further enlargement in the common 
mode level and a further reduction in the power con- 
sumption. 

[0146] FIG. 1 0A is a diagram illustrative of inter-rela- 
tionship between latch-operability and latch-inoperabil- 
ity over common mode level of input signals shown by 
a master latch circuit which includes only a differential 
input n-channel transistor pair. In FIG. 10A : a horizon- 
tally extending broken line provides a boundary be- 
tween the latch-operability region and the latch-inoper- 
ability region. A threshold voltage of the n-channel MOS 
field effect transistor is given by a crossing point be- 
tween the horizontally extending broken line and a 
curved real line which represents the latch-operability 
or the latch-inoperability over the common mode level 
of input signals. In accordance with the master latch cir- 
cuit including only the differential input n-channel tran- 
sistor pair is engaged with the issue of the latch-inoper- 
ability if the common mode level of input signals is lower 
than the threshold voltage level. 

[0147] FIG. 1 0B is a diagram illustrative of inter-rela- 
tionship between latch-operability and latch-inoperabil- 
ity over common mode level of input signals shown by 
another master latch circuit which includes both a differ- 
ential input n-channel transistor pair and a differential 
input p-chanriel transistor pair. In FIG. 10B : a horizon- 
tally extending broken line provides a boundary be- 
tween the latch-operability region and the latch-inoper- 
ability region. A threshold voltage of the n-channel MOS 
field effect transistor is given by a crossing point be- 
tween the horizontally extending broken line and curved 
broken lines which represent the latch-operability or the 
latch-inoperability over the common mode level of input 
signals of a master latch circuit which includes only a 
differential input n-channel transistor pair and another 
master latch circuit which includes only a differential in- 
put p-channel transistor pair. 

[0148] In accordance with the master latch circuit in- 
cluding both the differential input n-channel transistor 
pair and the differential input n-channel transistor pair is 
always latch -operable and free from the issue of the 
latch-inoperability over the common mode level of input 
signals. If the common mode level is lower than the 



38 

threshold voltage of the n-channel MOD field effect tran- 
sistors, then the differential input p-channel transistor 
pair is operable to place the master latch circuit including 
the differential input p-channel transistor pair into the 

s latch-operable state. If the common mode level is higher 
than the threshold voltage of the n-channel MOD field 
effect transistors but lower than the threshold voltage of 
the p-channel MOD field effect transistors, then both the 
differential input p-channel transistor pair and the differ- 

10 ential input n-channel transistor pair are operable to 
place the master latch circuit or the master latch circuits 
including at least one of the differential input p-channel 
transistor pair and the differential input n-channel tran- 
sistor pair into the latch-operable state. If the common 

15 mode level is higher than the threshold voltage of the p- 
channel MOD field effect transistors, then the differential 
input n-channel transistor pair is operable to place the 
master latch circuit including the differential input n- 
channel transistor pair into the latch -operable state. This 

20 circuit configuration enlarges the operable common 
mode level range of the input signals. Particularly, in 
case of the circuit configuration of the first and second 
master latch circuits connected in parallel to each other, 
the above-described cross-coupled inverter circuit pair 

25 300 comprising the first and second cross-coupled in- 
verter circuits allows the above-described complemen- 
tary latch-operations of the first and second master latch 
circuits 100 and 200. 

[0149] FIG. 11 A is a diagram illustrative of variations 

30 jn comsumption powers over common mode levels of 
the sampling receiver shown in FIG. 3 of the first em- 
bodiment in accordance with the present invention. A 
vertical axis represents the power in milliampere unit. 
FIG. 11 B is a diagram illustrative of variations in com- 

35 sumption powers over common mode levels of the sam- 
pling receiver shown in FIG. 8 of the fourth embodiment 
in accordance with the present invention. A vertical axis 
represents the power in milliampere unit. As compared 
to the sampling receiver of the first embodiment, the 

40 sampling receiver of the fourth embodiment possesses 
a further reduction in power consumption because the 
above-described cross-coupled inverter circuit pair 300 
averages the driving ability to reduce the dependency 
of the power consumption upon the common mode level 

45 of the input signals. 

[0150] Although the invention has been described 
above in connection with several preferred embodi- 
ments therefor, it will be appreciated that those embod- 
iments have been provided solely for illustrating the in- 

50 vention, and not in a limiting sense. Numerous modifi- 
cations and substitutions of equivalent materials and 
techniques will be readily apparent to those skilled in the 
art after reading the present application, and all such 
modifications and substitutions are expressly under- 

55 stood to fall within the true scope and spirit of the ap- 
pended claims. 
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Claims 

1 . A sampling receiver including : 

at least one slave latch circuit; and s 
at least one master latch circuit for performing 
a voltage level conversion of input signals and 
supplying level-converted master latch signals 
to said at least one slave latch circuit, and 

10 

said at least one master latch circuit further 
including : 

at least one differential input transistor 
pair for receiving an input of said input 15 
signals and for outputting differential 
output signals, and 
at least one bistable circuit for receiv- 
ing said differential output signals from 
said at least one differential input tran- 20 
sistor pair and for performing a voltage 
level conversion of said differential 
output signals and for outputting level- 
converted master latch signals, 

25 

wherein output terminals of said at least one 
differential input transistor pair and output terminals 
of said at least one bistable circuit are coupled to 
said at least one slave latch circuit but in parallel to 
each other with reference to said at least one slave 30 
latch circuit. 

2. The sampling receiver as claimed in claim 1 , where- 
in said sampling receiver includes a first master 
latch circuit which further includes : 35 

a first differential input transistor pair compris- 
ing a first pair of first conductivity type channel 
field effect transistors ; and 

a single bistable circuit comprising a pair of first 40 
and second CMOS inverters, and 

wherein output terminals of said first differen- 
tial input transistor pair, and output terminals of said 
first and second CMOS inverters are coupled to 45 
said at least one slave latch circuit but in parallel to 
each other with reference to said at least one slave 
latch circuit. 

3. The sampling receiver as claimed in claim 1 , where- so 
in said sampling receiver includes a first master 
latch circuit which further includes: 

a first differential input transistor pair compris- 
ing a first pair of first conductivity type channel 55 
field effect transistors ; 

a second differential input transistor pair com- 
prising a second pair of second conductivity 



type channel field effect transistors ; and 

a single bistable circuit comprising a pair of first 

and second CMOS inverters, and 

wherein output terminals of said first differen- 
tial input transistor pair, output terminals of said sec- 
ond differential input transistor pair, and output ter- 
minals of said first and second CMOS inverters are 
coupled to said at least one slave latch circuit but 
in parallel to each other with reference to said at 
least one slave latch circuit. 

4. The sampling receiver as claimed in claim 3, where- 
in said first and second differential input transistor 
pairs are controlled by first and second clock sig- 
nals, respectively, and said first and second clock 
signals take different states which are inverted to 
each other. 

5. The sampling receiver as claimed in claim 4, where- 
in said first differential input transistor pair receives 
a first current supply indirectly, from a first current 
supplying line through a first current-supplying first 
conductivity type channel field effect transistor 
which is controlled by said first clock signal, and 
said second differential input transistor pair re- 
ceives a second current supply indirectly from a 
second current supplying line through a second cur- 
rent-supplying second conductivity type channel 
field effect transistor which is controlled by said sec- 
ond clock signal. 

6. The sampling receiver as claimed in claim 4, where- 
in said first differential input transistor pair receives 
a first current supply indirectly from a first current 
supplying line through a first current-supplying first 
conductivity type channel field effect transistor 
which is controlled by said first clock signal, and 
said second differential input transistor pair re- 
ceives a second current supply directly from a sec- 
ond current supplying line. 

7. The sampling receiver as claimed in claim 1 , where- 
in said sampling receiver includes first and second 
master latch circuits coupled to said at least one 
slave latch circuit but in parallel to each other with 
reference to said at least one slave latch circuit, and 

wherein said first master latch circuit further 
includes : 

a first differential input transistor pair compris- 
ing a first pair of first conductivity type channel 
field effect transistors ; and 
a first bistable circuit comprising a pair of first 
and second CMOS inverters, and 

wherein said second master latch circuit fur- 
ther includes : 
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a second differential input transistor pair com- 
prising a second pair of second conductivity 
type channel field effect transistors ; and 
a second bistable circuit comprising a pair of 
third and fourth CMOS inverters, 5 

wherein output terminals of said first and sec- 
ond differential input transistor pairs, and output ter- 
minals of said first, second, third and fourth CMOS 
inverters are coupled to said at least one slave latch 10 
circuit but in parallel to each other with reference to 
said at least one slave latch circuit. 

8. The sampling receiver as claimed in claim 7, further 

including: 15 

a first cross-coupled inverter comprising a first 
pair of first and second inverters coupled be- 
tween an output terminal of said first CMOS in- 
verter of said first master latch circuit and an 20 
output terminal of said third CMOS inverter of 
said second master latch circuit; and 
a second cross-coupled inverter comprising a 
second pair of third and fou rth inverters coupled 
between an output terminal of said second 25 
CMOS inverter of said first master latch circuit 
and an output terminal of said fourth CMOS in- 
verter of said second master latch circuit. 



type channel field effect transistor which is control- 
led by said second clock signal. 

1 1 . The sampling receiver as claimed in claim 7, where- 
in said first and second differential input transistor 
pairs are controlled by first and second clock sig- 
nals, respectively, and said first and second clock 
signals take different states which are inverted to 
each other. 

1 2. The sampling receiver as claimed in claim 7, where- 
in at least one of said first and second master latch 
circuits is always placed in latch-operable state over 
any common mode levels of input signals. 



9. The sampling receiver as claimed in claim 8, where- 30 
in said at least one slave latch circuit comprises a 
differential type set/reset flip-flop circuit which fuf r 
ther includes : 



a set terminal coupled to said output terminal 35 
of said first CMOS inverter of said first master 
latch circuit; 

a reset terminal coupled to said output terminal 
of said second CMOS inverter of said first mas- 
ter latch circuit; 40 
an inversion set terminal coupled to said output 
terminal of said third CMOS inverter of said sec- 
ond master latch circuit; and 
an inversion reset terminal coupled to said out- 
put terminal of said fourth CMOS inverter of 45 
said second master latch circuit. 



10. The sampling receiver as claimed in claim 7, where- 
in said first differential input transistor pair of said 
first master latch circuit receives a first current sup- so 
ply indirectly from a first current supplying line 
through a first current-supplying first conductivity 
type channel field effect transistor which is control- 
led by said first clock signal, and said second differ- 
ential input transistor pair of said second master 55 
latch circuit receives a second current supply indi- 
rectly from a second current supplying line through 
a second current-supplying second conductivity 
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FIG. 1 prior art 
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